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Sweetgum Blight as Related to Alluvial 
Soils of the Mississippi River Floodplain 


A BLIGHT OF UNKNOWN origin and cause 
has been very common throughout much 
of the range of sweetgum (Liquidambar 
styractflua L.) since 1950. It is character- 
ized by a gradual dying of the tree, often 
from the top down (Fig. 1). 

The first visible indication is a thinning 
of a portion of the crown, caused when 
some buds fail to open and others produce 
only dwarfed, yellowish leaves. The ends 
of affected branches gradually die, often 
retaining the dead leaves for some time. 
Diseased branches may show up anywhere 
in the crown, but are most common in the 
upper part. Sometimes a tree with only a 
few branches visibly affected one year is 
dead the next, while in other trees the up- 
per crown and leaders die back slowly, a 
branch or two a year. Occasionally the 
dying stops and the trees seem normal ex- 
cept for the dead, dried top (Garren, 
1949; Miller and Gravatt, 1952; Toole, 
1954). A cut into the wood of diseased 
branches often reveals tan or dark brown 
irregular streaks in the normally white sap- 
wood. On diseased trees, a high percentage 
of the fine feeder roots are dead, although 
the larger roots appear healthy (Fig. 2). 

The blight has been observed on a wide 
variety of sites, with damage apparently 
greatest in areas least suited for sweetgum. 
Some stands are completely ruined by it 
(Fig. 3) while others show little damage. 
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Young, Toole, and Berry (1954), Hep- 
ting (1955), and Young (1955) have 
studied the progress and range of the dis- 
ease, but of the investigators none has been 
able to determine the cause or discover a 
pathogenic agent (Berry, 1955). 
Although there are no detailed reports 
on the relation of soils to blight, the gross 
symptoms are similar to drought-induced 
dying and also have occurred in other spe- 
cies (Hepting, 1955). The study reported 
here was undertaken to determine whether 
intensity of the blight on alluvial soils of 
the Mississippi River floodplain is related to 
soil differences. 
Methods 
During the summer of 1956, 76 sweet- 
gum stands were sampled in the Mississippi 
River floodplain (Fig. 4). All but four 
were on soils of the three following groups: 
1. Recent natural levees bordering the Mis- 
sissippi River. These soils show little pro- 
file development as yet, but differ pri- 
marily in stratification, and thus in texture 


The authors are Plant Pathologist and Soil 
Scientist, respectively, at the Southern Forest 
Experiment Station, Forest Service, U. S. 
Department of Agriculture. They are as- 
signed to the Delta Research Center, which is 
maintained at Stoneville, Miss., in cooperation 
with the Mississippi Agricultural Experiment 
Station and the Southern Hardwood Forest 
Research Group. 
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and drainage. They are neutral to alkaline, 
as they have not had time to become 
leached. 
2. Old natural levees bordering former 
courses of the Mississippi River. These 
soils differ from the first group mainly in 
being leached and acid, and in having 
more profile development. 
Slack-water areas. The slack-water soils 
were formed in places where water moved 


~ 


slowly enough to deposit fiu.c sediments. 
Ihe resulting soils, locally called gumbo 
and buckshot, constitute the greater por- 
tion of forest land left in the Delta. Dif- 
ferences within this group are principalls 

im thickness of the clay and silt deposited 

on the sandier strata underneath. 

Three of four samples not classified in 
the above groups belong to Red River allu- 
vium or Perry soil. The fourth is an old 
natural-levee soil formed in material 
washed down from loess. 


Each of the three major soil groups was 
regarded as a separate sampling universe. 
Within each group, any sweetgum stand 
that was 35 to 60 years old and had a basal 
area of more than 100 square feet per acre 
was carefully examined as encountered, 

Disease index for each stand was then 
computed. No effort was made to keep the 
number of samples proportional to area in 
the soil group; instead, extra effort was de- 
voted to locating stands of qualifying age 
and density in the less frequently occur- 
ring soil groups. Absence, presence, or 
severity of blight did not influence choice 
of sample. 

After a stand was selected, a sampling 
point was established. From this point each 
sweetgzum tree whose d.b.h. subtended an 
angle greater than 104.18 minutes (Gro- 
senbaugh, 1955) was classified as to blight 





Fictre 1. Seveet gum stand moderately affected with blight. Tree on right has typical symptoms, 
Tree on far left healthy. 
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status. Classification was as follows: 


Class index value 


Apparently healthy 0 
Up to % of crown affected 1 
le to Y% of crown affected 

More than % of crown affected S 
Dead tree 10 


However, in calculating blight indices 
for stands, only unsuppressed sweetgum 
trees were considered. Suppressed trees 
were rejected because of the possibility of 
confusing symptoms of suppression with 
symptoms of blight. “The sum of the index 
values for unsuppressed individual trees, di- 
vided by the number of such trees, gave the 
blight indices used. In effect, blight status 
was weighted by basal area per acre rep- 


resented by sample trees. 





Figure 3. A badly diseased seeetgum stand. 
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Figure 2. The roots on the right are from a 


healiny seveetgum; those on 


from a blighted tree. Note the lack of fine 
roots on the sample from the diseased tréeé. 


Both bulk and core soil samples were 
collected from 2 locations near each sam- 
pling point. Soil from the surface to + feet 
down was sampled in 12-inch increments. 
Bulk samples were composited while core 
samples were kept separate. 

The bulk samples were used to deter- 
mine particle size, pH, soluble salt concen- 
tration, P2Os equivalent per acre, ex- 
changeable sodium, exchangeable  potas- 
sium, organic matter content, moisture and 
xylene equivalents (from which imbibi- 
tional water was calculated), and moisture 
retained at 15 atmospheres pressure. The 
cores were used to determine bulk density, 
total pore volume, and moisture retained 
at 60 cm. water tension (.06 atm.). Avail- 
able water capacity was then calculated as 
the difference in moisture retained at ten- 
sions of .06 and 15 atmospheres, as these 
two tensions roughly approximate _ field 
capacity and wilting point for well-drained 
soils of medium texture. 


Results 


The study strongly indicated that sweet- 
gum blight in the Delta is primarily a re- 
action to a shortage of soil moisture. It was 


worst on soils or sites whose characteristics 
tended to limit soil moisture, and light or 
absent where moisture was in good supply. 
Since variations in age and stocking were 
minimized in the sampling design, it was 
impossible to make inferences as to their 
effects. There seems to be empirical justi- 
fication, however, for believing that denser 
and older stands would make greater de- 
mands on soil water, and therefore would 
be more vulnerable than younger and more 
open stands. 


‘Table 1 shows the distribution of the 76 
plots by soil type and indicates the range 
and average disease index for each. 

Analysis of variance showed significant 
differences of the blight indices of the soil 
series at the 5-percent level within groups, 
but among groups the only significant dif- 
ference was between slack-water soils and 
the average of old and recent natural-levee 
soils. The mean disease index was 1.2 + 


.28 for the recent and old natural-levee 
soils and 2.2 + .27 for the slack-water 


soils, 
Soil properties and blight. Simple correla- 
tion coefficients were calculated for blight 
index and the following soil variables at 
each of the four soil depths: 
pH, K, Na, P2O5, soluble salt concentra- 
tion, imbibitional water, available water- 
holding capacity, clay, silt, sand, porosity, 
bulk density, and organic matter. 
The following variables were most 
highly correlated with plot disease jndex: 
Potassium in the 1- to 2-foot soil level 
Sodium in the 2- to 3-foot soil level 
Imbibitional water in the 0- to 1-foot and 
l- to 2-foot soil levels 
Bulk density in the &- to 1-foot soil level. 
The variables with the highest simple 
correlation coefficients—potassium, sodium, 
imbibitional water, and bulk density—were 
tested for curvilinearity. Linear regressions 
were adequate except that a curvilinear 
function involving imbibitional water in the 
0- to 1-foot soil level was significantly bet- 





ter than a linear function. Information 
about the five best regressions is given in 


Table 2. The coefficients of correlation 
for potassium, sodium, bulk density, and 
imbibitional water in the 1- to 2-foot level 
were significant at the 5-percent level. The 
correlation for imbibitional water in the 0- 

1-foot level was significant at the 1-per- 
cent level. The relationships of disease 
index to sodium and to potassium at speci- 
fied depths are illustrated in Figure 5. Fig- 
ure 6 graphs the curvilinear relation be- 
tween disease index and imbibitional water 
at a given depth. 
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Figure 4. Location of sweetgum stands where 
cil samples were collected. 


volume 5, number 1, 1959 / § 








TABLE 1. Range in sweetgum blight index by soil group and series. 














Samples Stand blight index 

Soil group and series (number) Lowest Highest Average 
Recent natural levee soils: 

Robinsonville 3 0 0.6 0.2 

Commerce 9 0 at 1.5 

Mhoon 4 0 3.4 1.1 

Group 16 0 3.4 1.1? 
Old natural levee soils: 

Dundee 4 0 1.8 8 

Forestdale 15 0 3.2 1.4 

Group 19 0 3.2 1.3 
Slack-water soils: 

Alligator 14 0 4.2 1.6 

Sharkey 15 0 9.3 23 

Tunica 2 3.0 9.7 6.3 

Bowdre 6 0 s.5 1.7 

Group 37 0 9.7 2.2! 
Others: 

Perry 3 od 9 6 

Brittain 1 2.9 2.9 2.9 

Group 4 2 2.9 1.2! 





1Averages weighted by number of sample points. 


The relationship of bulk density in the 
0- to 1-foot level to disease index was 
negative. The looser soils, with low bulk 





Ficure 5. Sweetgum blight index as related 
to sodium in the 2- to 3-foot soil level and 
potassium in the 1- to 2-foot level. 
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density, probably had a higher disease index 
because they drained quicker and thus re- 
tained less water. At depths greater than 
one foot, bulk density was not significantly 
correlated with disease index, 

Soil pH and P20s equivalent were among 
the factors not significantly correlated with 
blight index; it is unlikely that either in- 
fluences moisture supply. The narrow range 
in the data for soluble salts, silt, sand, clay, 
porosity, and organic Matter may account 
for the lack of significant correlation be- 
tween these variables and blight index. 

Available water capacity, of course, is a 
property connoting storage space, but it does 
not tell how much water was available 
during the drought. From other observa- 


tions and experience, the authors strongly 
believe that if the available water capacity 
could have been compared with accurate 
measurements of total or seasonal rainfall 
at each of the plots, a significant relationship 
to disease index would have been found. 


Discussion 


‘These data demonstrate that the intensity 
of sweetgum blight in stands growing on 
alluvial soils of the Mississippi River flood- 
plain is correlated with certain soil char- 
acteristics. “he soil group on which blight 
was most severe—the slack-water soils—is 
also considered the least desirable for other 
crops because of its comparatively poor 
physical properties. Although the natural- 


TABLE 2. Final regressions used in correlating intensity of 


with soil factors. 


~ 40 
MBIBITIONAL WATER (PERCE 


FicureE 6. Sweetgum blight index as related 
to imbibitional water in the O- to 1-foot 
soil level, 


sweetgum blight 


Degrees of Coefficient 
Mean squared freedom or index 
Form! residual for error of correlation 
(A) Y = bot+bix; 3.516 74 0.243* 
(B) Y = bo+bixe 3.545 73 .233* 
(C) Y = bo+bixs 3.533 74 —.233* 
{(D) Y = bo-+b1x4-+-bex4? 3.265 73 35 5 ** 
(E.) = boe+b1x5 3.498 74 252" 
COEFFICIENTS FOR ABOVE REGRESSIONS 
Coef. A B G D E 
by 0.0923 1.3625 6.6723 3.7094 0.4503 
by -0046 .0028 ° — 4.0429 —.3184 .0601 
be ‘ .0097 
Coo .020491 .000058 1.678545 878511 .098668 
Cor — 000502 —.000063 — 1.347343 —.090311 — 004194 
Ci; .000001 .000001 1.090037 .009802 .000206 
Cu 002105 
Cie — .000236 
Coo .000006 
lWhere: Y = sweetgum blight disease index 
x1 = pounds of potassium per acre in the 1- to 2-foot soil level 
X2 = pounds of sodium per acre in the 2- to 3-foot soil level 
xs — bulk density in the 0- to 1-foot soil level 
x4 = percent imbibitional water in the 0- to 1-foot soil level 
Xs = percent imbibitional water in the l- to 2-foot soil level 


Subscripts denote order of single or joint term appearance in regression, not variable subscripts in term. 


*Significant at the 5-percent level. 
**Significant at the 1l-percent level. 
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levee soils showed significantly less blight 
intensity than the slack-water group, con- 
siderable variation was noted within each 
group. If more plots within the age and 
stocking requirements had been sampled, 
perhaps a significant difference could have 
been established between some of the soil 
series within groups. 

Because most of the feeder roots occur 
in the top foot of soil, the physical soil vari- 
ables in this level should have the greatest 
effect on water available to the tree. In 
fine-textured soils such as those under study, 
salts of sodium and potassium tend to accu- 
mulate at deeper levels in amounts sufficient 
to reduce the available water. Lack of 
significance of other soil variables that 
might be expected to have importance may 
be due to variation within the sample. 

The period of significant blight develop- 
ment, i.e., since 1950, coincided with a 
severe and prolonged drought in the study 
area. The water table in the lower Missis- 
sipp! River floodplain dropped as much as 
8 feet, attesting the severity of the drought. 
It is possible, and even probable, that those 
soil factors tending to restrict available 
water supply are importantly operative in 
the blight complex only in times of serious 
rainfall deficits or when lesser deficits are 


aggravated by excessive soil drainage by 
ditching. Under favorable conditions sweet- 
gum grows well on a variety of soils, in- 
cluding upland pine sites; during periods 
of soil moisture stress it apparently recedes 
from less favorable sites. 

That blight has not occurred regularly 
in the past strongly suggests that the effect 
of soil properties on its intensity 1s indirect, 
through a shortage of soil water. More 
serious individual drought years have been 
recorded than occurred since 1950, but no 
recorded drought has been as prolonged 
in the lower Mississippi River floodplain. 
Although the evidence is strong that sweet- 
gum blight is primarily a response to soil 
moisture shortages, it does not completely 
exclude the possibility that soil properties 
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act indirectly on blight through a pathogen 
as yet undiscovered. 


Summary 


Seventy-six sweetgum stands in the lower 
Mississippi River floodplain were sampled 
to determine the relationship between blight 
and soil properties. A blight disease index 
was determined for each plot, and bulk 
and undisturbed soil-core samples were col- 
lected from each 12-inch layer down to 
4 feet. Various chemical and physical lab- 
oratory determinations were made on these 
samples, and the results correlated with 
disease index. 

Stands on slack-water soils had signifi- 
cantly more blight (disease index 2.2) than 
those on the soils of natural levees (disease 
index 1.2). For all the samples, blight in- 
creased as potassium increased in the 1- to 
2-foot soil level, as sodium increased in the 
2- to 3-foot level, as imbibitional water in- 
creased in the 0- to 1-foot and 1- to 2-foot 
levels, and as bulk density decreased in the 
surface foot. 

The data strongly suggest that sweetgum 
blight in the area studied is primarily a 
reaction to soil moisture shortages. 
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Forest Science Monographs 


Beginning in 1959, the Society of American 
Foresters will establish a new serial publication 
to be known as Forest Science Monographs. 

The Society provides an outlet for research 
results and for the expression of professional 
and scientific thought through its publications 
Journal of Forestry and Forest Science. The 
Journal, however, publishes relatively short 
papers only. Forest Science, although accept- 
ing somewhat longer papers, is unable to pub- 
lis 
of exceptional merit. Forest Science Mono- 
graphs is intended to fill this need. 


) 


unusually long manuscripts even though 


Papers of 32 printed pages or longer in- 
cluding tabular and graphic material (approxi- 
mately 20,000 words or about 65 pages of 
double-spaced typesc ript) will be considered 
for publication as Forest Science Monographs. 
The same editor and advisory board will 
govern acceptance of papers as for Forest Sci- 
ence. The Monographs will be printed with 
overs. They will be mailed as separates to 


regular issues of Forest Science, in accordance 


_ —, E. R. Too.e, and F. H. 
Berry. 1954. Status of sweetgum blight, 
1953. Plant Dis. Reptr. 38: 93-95. 


with U. S. postal regulations. Not more than 
one will be published each quarter. Titles 
will be listed following the table of contents 
of the appropriate issues of Forest Science and 
will be included in the annual index. 

In undertaking this new publication to ac- 
commodate longer and more comprehensive ar- 
ticles, the Society must set up special financial 
arrangements. Each author (or his organiza- 
tion or sponsor) shall bear the entire cost of 
printing and mailing the Monograph. The 
Society will contribute editorial services, how- 
ever, as it does for its other publications, For- 
est Science Monographs will be sent to all sub- 
scribers of Forest Science without extra charge. 
\ small supply of Monographs will be stocked 
by the Society for sale. The author may, of 
course, order any number of adidtional copies. 
Charges for each Monograph will be on a ne- 
gotiated basis in view of rapidly changing costs. 

Inquiries about Forest Science Monographs 
should be addressed to the Society of American 
Foresters, 425 Mills Building, Washington 6, 
D.C. 
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Effect of Temperature on Pollen 
Germination of Pinus and tts 


Bearing on Controlled Pollination 


PoLLEN OF PINUs germinates readily in 
vitro after approximately 48 hours at 26°C., 
in an aqueous or on an agar medium. The 
addition of nutrients to the medium, al- 
though not necessary, has been beneficial 
in some instances. In general, small dif- 
ferences in temperature during incubation 
do not appear to be critical, although few 
investigators have studied the behavior of 
germinating pine pollen under a wide range 
of temperatures. There is no evidence that 
temperature will limit pollen germination 
under conditions of wind pollination in the 
field. However, with controlled pollina- 
tion, the strobili are enclosed in pollen-proof 
bags, and there is a danger of creating un- 
favorable temperature conditions. 

This study was carried out to determine 
if, under field conditions, temperatures are 
generated inside pollination bags that are 
detrimental to the germination of pollen im 
vivo. This work was carried out during the 
1957 flowering season with two species: 
slash pine (Pinus elliotu Engelm.) at Lake 
City, Florida, and Austrian pine (Pimus 
nigra Arnold) at Valhalla, New York. 
Temperatures were recorded in female 
strobili that had been covered with various 
types of commonly used pollination bags. 
The effect of the temperatures obtained 
was determined by studying the perform- 
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ance of the pollen under similar tempera- 
ture conditions i vitro. ‘These results have 
been used to predict the possible limitations 
imposed on successful controlled pollination, 
by the use of various types of pollination 
bags. In addition, the germination of Aus- 
trian pine pollen was followed over a wide 
range of temperatures. 


Review of Literature 


Weger (1938) studied temperatures in- 
side different types of pollination bags which 
were located close to the ground. He ob- 
served a maximum temperature difference 
of 13°C. between the air temperature in- 
side cellophane bags and the free air out- 
side. Temperatures inside pollination bags 
on eastern hemlock (T'suga canadensis 
(L.) Carr.) were followed by Nienstaedt 
and Kriebel (1955). They found that the 
high temperatures which were associated 


The author is a research officer with the 
Division of Plant Industry. C.S.1.R.O., Can- 
berra, Australia. 

This publication is based on part of a dis- 
sertation submitted to the Graduate School of 
Yale University in partial fulfillment of the 
requirements for the Ph.D. degree. The author 
also wishes to acknowledge the help of the 
Lake City, Florida center of the Southeastern 
Forest Expt. Sta. for providing facilities for 
work in that area. 
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with certain types of bags, materially af- 
fected the resultant seed yield. 

Incubation at 25-26°C. has been used 
for the germination of pine pollen by Smith 
(1942), Righter (1939), Echols and 
Mergen (1956), Hellmers and Machlis 
(1956), and Dillon and Zobel (1957). 
Dengler and Scamoni (1939) found that, 
in general, conifer pollen germinated best 
at 25-30°C., but no germination took 
place at 4-15°C., nor when pollen was 
pre-treated for 24 hours in warm water at 
40-41°C. Tanaka (1955) germinated 
pollen of Pinus densiflora Sieb & Zucc. over 
temperatures ranging from 20-34°C. and 
he found that both germination and tube 
growth were best at the higher tempera- 
tures. He also reported a reduction in ger- 
mination when the pollen was chilled in 
distilled water at 8°C. for a short period 
prior to incubation. A similar chilling treat- 
ment had little or no effect if applied after 
germination had commenced. Hodgkins 
(1952) and Watanabe (1953) subjected 
dry pollen of a number of pine species to 
high temperatures in an oven to determine 
the minimum sterilization temperature. The 
lowest temperature which was lethal under 
these conditions was 70°C. when applied 
for a minimum period of one hour. 


Materials and Methods 


The temperature of the strobili inside pol- 
lination bags was measured on single trees 
of Austrian pine and slash pine. The tem- 
peratures were recorded from strobili under 
the following four conditions (Fig. 1A). 
1. Nocover; exposed to direct sunlight. 
2. Enclosed in sausage casing pollina- 
tion bags (Mergen et al., 1955). 
3. Same as for No. 2, but the upper 
two thirds of the bags were lightly 
sprayed with aluminum paint, and| 
a viewing window was retained on 
the northern face of the bag. This 
cover was used only on Austrian 
pine. 
4. Same as for No. 2, plus a brown 
Kraft bag as an outer covering. 


Holes were cut in the sides of the 
Kraft bag to provide ventilation. 

To obtain comparable material at an 
equivalent position on the tree, receptive 
female strobili were attached to the buds 
of exposed branch tips on the southern side 
of the crown. These were kept turgid by 
sealing the stalk in a small rubber tube 
filled with water, and they were replaced 
with fresh strobili every day. The tem- 
perature was measured on the northern 
side of the strobilus, and as close to the 
micropylar opening as possible by placing 
a smal] thermocouple between the ovulifer- 
ous scales (Fig. 1B). The leads from 
the thermocouples were connected to a 
standard potentiometer graduated to read 
in degrees F.’ (Fig. 1D). As a check on 
the accuracy of the “attached” strobili, a 
series of temperature readings were taken 
on living strobili. No difference could be 
detected, and therefore, the readings from 
the “attached” strobili were considered to 
be representative of the true condition. 

Hourly measurements were taken from 
9 A.M. to 4+ P.M. over a period of five 
sunny days. Each type of cover was 
represented twice, and all readings were 
taken during periods of full sunlight, with 
the exception of the air temperature which 
was recorded in the shade of the measure- 
ment tree. On June 17, during a brief heat 
wave, two weeks after systematic measure- 
ments were taken on Austrian pine, addi- 
tional temperature readings were recorded 
in the sausage casing bags. 

The effect of temperature on pollen 
germination im vitro was determined only 
for Austrian pine pollen, which was col- 
lected from five mature trees, thoroughly 
mixed, and stored for a short period at 

'1Throughout this study the temperatures 
have been given either in degrees F., or in 
degrees c. depending on the circumstances. 
This has been done as it is conventional to 
record incubation temperatures in degrees 
centigrade and atmospheric temperatures in 
degrees fahrenheit. The respective conversions 


are given wherever it was deemed necessary. 
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4°C. and 25 percent relative humidity. 
Two methods of germination were used, 
both modifications of the hanging drop 
technique described by White (1954, p. 
100). In the first, the pollen was ger- 
minated in a drop suspended from a cover 
slip, and in the second, the drop was re- 
placed by a 1 cm.” wafer of 0.75 percent 
Bacto agar (Takeuchi, 1953). A Van 
Tieghem cell was cemented to the glass 
slide to provide the moisture chamber. 
Double-distilled water (distilled in Pyrex) 
was used for both methods, and the cul- 
tures were incubated for 120 hours to 
ensure complete germination. 

The temperature treatments were ap- 
plied in the form of: 

1. A five-day constant temperature ex- 
posure, ranging from 16-42°C. in 2°C. 
intervals. 

2. A five-day alternating treatment, 
8 hours per day at the designated tempera- 
ture, and the remainder at the control 
temperature (26°C.). In every case the 
pollen was first exposed to the control tem- 
perature for 16 hours to provide uniform 
conditions during imbibition. 

3. Dry pollen inbibed at a range of low 
temperatures (8°C., 4°C., 0°C.) for 15 
minutes before incubation at 26°C. The 
alternating treatments were given to simu- 
late more closely the field conditions. For 
every temperature treatment, controls were 
run at 26°C. Percentage germination 
was based on the average of 150 pollen 
grains counted at random in each of five 


replicates. Pollen was considered to have 
germinated if the length of the pollen tube 
was equal to, or greater than the small 
diameter of the pollen grain. The average 
pollen tube length was based on ocular 
micrometer measurements (125%) of ten 
unbranched pollen tubes selected at ran- 
dom in each replicate. To eliminate pos- 
sible variation between successive experi- 
ments, the averages were expressed as a 
percentage of their respective controls. 


Results 

Temperatures of strobili inside pollination 
bags. The average hourly temperatures 
for each type of covering, including the 
shade temperatures, are summarized in 
Figure 2. With Austrian pine (Fig. 2A), 
during the hottest hours of the day from 
11 A.M. to 3 P.M., the temperature of 
the strobili covered by sausage casing bags 
averaged 38°C. (100°F.). This repre- 
sented an increase of 14°C. (25°F.) above 
the shade temperature of the tree. For the 
same period the sausage casing plus Kraft 
bags showed an increase of 8°C, (14°F.), 
the painted sausage casing an increase of 
4°C. (7°F.), and the uncovered strobili 
an increase of 3°C. (5°F.), above the 
shade temperature. During the heat wave 
in June, a maximum temperature of 51°C. 
(124°F.) was recorded in strobili in un- 
protected sausage casing bags. The shade 
temperature at this time averaged 34.5°C. 
(94°F.). 


Measurement for slash pine (Fig. 2B) 


Ficure 1. (Opposite page.) Technique for measuring temperature of strobili, and the effect of 
temperature on pollen germination. A, Pollination bags used to study the temperature of strobili 
on Austrian pine. From left to right: painted sausage casing, sausage casing, and sausage casing 
plus a brown Kraft bag as an outer covering. B. Strobilus of slash pine with the thermocouple 
placed between the ovuliferous scales, X 3. C. Effect of high temperature on pollen germination 
of Austrian pine. Left, pollen incubated at 26° C. Right, pollen incubated at 42° C. for eight 
hours out of every 24 hours, showing the shrunken protoplasm, K 250. D. Pollination bags on 
slash pine showing the leads from the thermocouples to the potentiometer, which was used to 
measure temperatures. E. Pollen of Austrian pine showing poor germination and tube growth 
following imbibition for 15 minutes at 4° C. X 100. 


12 Forest Science 








over a similar period from 10 A.M. to 
2 P.M., showed that the strobili in the 
sausage casing bags averaged 36.5°C. 
(98°F.). 
10°C. (18°F.) above the shade tempera- 


This represented an increase of 


tures, whereas the sausage casing plus 
Kraft bags, and the uncovered strobili, 
showed an average increase of 3.5°C. 
(6°F.) and 1°C, (2°F.) respectively. The 
smaller difference in slash pine was prob- 
ably due to greater wind movement during 
the period of measurement. The lowest 
temperature for the bagged strobili was 
consistently obtained in the painted sausage 
casing, which averaged only 1°C. (2°F.) 
above the uncovered controls. 


Incubation of pollen at constant temper- 
ature. The results of this experiment are 
summarized in Figure 3A. ‘The maximum 
germination and tube growth occurred at 
temperatures around 30-32°C. This sub- 
stantiates the work of Tanaka (1955), 
who found a similar temperature optimum 
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for the pollen of Pinus densiflora. The 
upper and lower temperature limits were 
42°C. and 16°C. respectively, and the de- 
cline in germination was quite rapid as 
these limiting temperatures were  ap- 
proached. High temperatures caused a re- 
duction in tube length, frequent plasmopty- 
sis, and often shrinkage of the protoplasm 
away from the wall of the pollen tube 
(Fig. 1C). 

To determine if there was any perma- 
nent damage to the living cell after a 
period of 120 hours at these limiting tem- 
peratures, these cultures were subsequently 
incubated at a favorable temperature (26° 
C.). No pollen from the high tempera- 
ture treatment germinated, indicating that 
this temperature caused a permanent dis- 
ruption of the cell function, The pollen 
from the low temperature treatment ger- 
minated freely after 24 hours at the higher 
temperature, indicating that its function 
had not been affected by the low tempera- 
ture exposure. 
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2. Average hourly temperatures recorded between the scales of strobili enclosed in vari- 


ous types of pollination bags. A. Austrian pine. B. Slash pine. The range in temperature is 
shosen in some cases for the hottest hour of the day. 
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Figure 3. Average germination and tube length of Austrian pine pollen incubated at various tem- 
peratures. A. Incubation at constant temperatures. B. Incubation at alternating temperatures. 


These were applied for 8 hours per day, and during the remaining time the cultures were main- 


tained at 26° C, 


Incubation of pollen at alternating tem- 
peratures. ‘The upper and lower tempera- 
ture limits for germination could be ex- 
tended significantly if incubation at the 
constant temperature was interrupted daily 
by a 16-hour period at 26°C. (Fig. 3B). 
Under these conditions germniation and 
tube growth ceased at 46 C., however, at 
the lower temperatures the decline was very 
gradual. At —4°C., 59 percent germina- 
tion was achieved, and the tube growth, 
although less, was quite normal. This low 
temperature tolerance is quite evident from 
the shape of the germination and growth 
curves. The damage to the pollen from the 
alternating high temperature treatments 
was similar to that described for the con- 
stant temperature treatments. It became 
increasingly apparent at temperatures above 


42°C, 


Low temperature imbibition of pollen. 
Pollen imbibed at 0°C., 4°C., and 8°C., 
prior to incubation at 26°C., showed a sig- 


nificant reduction in germination and pol- 
len tube growth (Table 1). Permanent 
damage to the cell resulted from the low 
temperature during this period of imbibi- 
tion, and the severity of the damage in- 
creased with a decrease in temperature. 
Imbibition at 0°C., was lethal, and the 


TABLE 1. The effect of imbibition 
at low temperature on pollen germi- 
nation and tube growth expressed as 
a percentage of the control. 
Imbibing 
temperature 


(degrees C.) 


Tube length 


Germination (microns) 


0 0 0 
+ 13 57 
8 47 83 

26 (control) 100 100 


0 (dry) 99 105 
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protoplasm in many of the pollen grains 
showed severe shrinkage. This condition 
was also present in other treatments (Fig. 
1E), and is probably an indication of a 
dead cell, as these pollen grains became 
waterlogged and failed to germinate. 
When dry pollen was subjected to a tem- 
perature of 0 C. under these same condi- 
tions, the germination was no different 
from the control. This indicated that the 
damaging effect is in some way associated 
with the process of imbibition at low tem- 
perature, rather than the low temperature 
per se. 


Discussion 


The temperature conditions inside pollina- 
tion bags showed a similar pattern in both 
New York and in Florida. The results 
give a clear picture of the temperature 
build-up in the pollination bags, particu- 
larly when they were not protected from 
direct insolation. The most effective pro- 
tection against these high temperatures was 
obtained by spraying the bags with a 
highly reflective aluminum paint. 
Assuming that the temperature studies 
with pollen im vitro give some indication of 
its performance under field conditions, then 
high temperatures, rather than low tem- 
peratures, are more likely to be a limiting 
factor in pollen germination. On the basis 
of the results presented, temperature in 
pollination bags during the spring and 
early summer weather can limit the ger- 
mination of pine pollen. During clear, hot, 
sunny days of above average temperatures, 
there is a real danger of lethal temperatures 
occurring in unshielded sausage casing bags 
of the tvpe commonly used for pollination. 
During periods of temperatures below 10° 
C. (50°F.) controlled pollination would 
also appear to be inadvisable, as the wetting 
of the pollen by the micropylar fluid at 
these temperatures may seriously impede 
its subsequent ability to germinate. Other 
possible detrimental effects arising from 
the enclosure of female strobili in pollina- 
tion bags, such as damage from abrasion, 
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or fungal attack, have not been considered 
here. 

Pollen of Austrian pine will germinate 
in vitro over a wide range of temperature 
conditions, the extent of which depends on 
the manner in which the treatments are 
applied. Alternating temperatures, as ex- 
perienced in nature, permit germination 
over a much greater range of temperatures 
than is possible under conditions of constant 
temperature. This is true, especially for 
lower temperatures. Pollen germination 
and tube growth were adversely affected 
by temperatuers above 4() C. (104°F.), 
irrespective of the treatment, and tempera- 
tures of 46°C. (115°F.) and above were 
lethal under all condtions. This lethal 
temperature is considerably lower than that 
for dry pine pollen which is reported to be 
above 70°C. (Hodgkins, 1952; Watanabe, 
1953). It was interesting to see that pol- 
len will germinate freely when subjected 
to a temperature of 0°C. (32°F.) for a 
period of 8 hours out of every 24 hours, 
provided that the initial 16 hours after 
imbibition was spent at 26°C. (79°F.). 
However, when this same temperature was 
imposed on pollen during the process of 
imbibition, germination was completely in- 
hibited. Pollen thus appears to be more 
susceptible to low temperature during the 
critical phase of hydration. It has been sug- 
gested by Genevés (1955), that this is a 
result of the decreased affinity for water 
at low temperature by the cytoplasmic and 
mitochondrial proteins. A similar loss of 
germinative capacity has been observed 
with the teliospores of Ustilago after quick- 
freezing in a liquid suspension (Graham, 
1956). 


Summary 


Temperatures were recorded in the strobili 
of Austrian pine and slash pine which were 
covered with several types of pollination 
bags. The performance of the pollen under 
these conditions was predicted from the 
observations made im vitro. During hot 
sunny weather, temperatures which are 
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lethal to germinating pollen [above 46°C. 
(115°F.)] do occur in strobili on exposed 
portions of the crown, when enclosed in 
saugage casing bags. By protecting these 
bags from direct insolation, particularly 
with some type of reflecting paint, the tem- 
perature can be kept down, and close to 
that of the uncovered strobili. 


The germination and tube growth of 
Austrian pine pollen was studied over a 
wide range of temperature conditions. The 
upper and lower temperature limits were 
established, and the optimum temperature 
of incubation was determined to be 3(0- 
32°C. (86-90°F.). Under conditions of 
alternating temperatures, the limits for 
germination can be greatly extended. The 
higher temperatures were more limiting 
than the lower temperatures, and they 
caused permanent damage to pollen, ex- 
cept when the low temperature was ap- 
plied during the critical phase of imbibition. 
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Changes in Woodland Vegetation and Soils 
After Spraying Large Amounts 


Of Waste Water 


PRESENT-DAY INDUSTRIAL processes require 
enormous amounts of water, Much of this 
water is not consumed; but often it is con- 
taminated so that it cannot be discharged 
into streams because of possible pollution. 
As water shortages increase, even in the 
well-watered East, it becomes desirable to 
disperse such waste water in places where 
it will be filtered and become usable ground 
water. 

In many sections of the United States, 
forest land may be used for the disposal of 
waste water. Forests underlain by pro- 
ductive aquifers are suitable for this pur- 
pose. Most forest soils are porous and per- 
mit rapid infiltration, in contrast to crop 
lands where cultivation compacts the soil, 
destroys structure, and reduces permeability. 
Trees and associated lesser vegetation bind 
the soil and lessen erosion. 

The effect on vegetation and soils of 
dispersing large quantities of waste water in 
woodlands varies with such factors as meth- 
ods of dispersal, kind and amount of pollu- 
tion, depth and character of soil, topog- 
raphy, geology, climate, and species of 
vegetation. Because foresters may be asked 
for advice in planning disposal systems, 
knowledge of the effects from present 
systems should be helpful. 

This paper describes effects observed 
after nearly 7 years of dispersing waste 
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water from a_ food-processing plant in 
southern New Jersey. 


Source and Application of 
Waste Water 


Seabrook Farms Company, at Seabrook, 
N. J., is a large grower and processor of 
vegetables. It quick-freezes vegetables 
grown on its 20,000 acres of land and those 
grown under contract on many other farms 
in southern New Jersey and northern Dela- 
ware. In processing, as much as ten mil- 
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lion gallons of water are used daily from 
April through November.’ Most of the 
water is used for washing vegetables; it 
emerges from the processing plant charged 
with vegetable fragments and soil particles. 

Food-plant effluent is often discharged 
into streams, either directly or after lagoon 
detention, But this is not practical at Sea- 
brook because of the nature of the streams 
and the large volume of waste water. In 
1950 Seabrook Farms in cooperation with 
C. W. Thornthwaite, then of Johns Hop- 
kins University, designed an irrigation sys- 
tem to dispose of the Seabrook effluent 
(Mather, 1953). 

In brief, the method consists of spraying 
the waste water through giant rotating 
nozzles into woodlands (Fig. 1). Their 
total area was about 250 acres, of which 
about 70 acres have been sprayed. As the 
waste water leaves the processing plant, it 
is screened to remove most of the suspended 
solids. It then flows by gravity in an open 
canal more than 9,000 feet to the disposal 
area. Three pumping stations along the 
canal force the waste water through 8- and 
6-inch portable irrigation pipe into the 
woods. Along each of seven lines there are 
6 to 13 nozzles, usually at the ends of 
short spurs from the main lines. 

The canal is an important part of the 
Seabrook system. It delivers waste water 
to the disposal area without pumping costs, 
and it allows much of the remaining sus- 
pended solids to settle out before the efflu- 
ent is sprayed into the woods. The canal 
also aids in disposal of water by evapora- 
tion and seepage. However, the amount 
lost by seepage is significant only at the 
start of the season following the annual 
winter-scraping of organic material from 
the canal. 

Although some of the waste water is 
used in irrigating field crops, the bulk is 
dispersed in the woods. Cultivated fields 


'Remson, Irwin. Hydrologic studies at Sea- 
brook, N. J. U.S. Geol. Surv. open-file report. 
156 pp. 1954. 


cannot absorb a large volume of water in 
a short time. On one Seabrook field the 
spraying of only 2 inches in a day resulted 
in saturation and surface runoff, whereas 
400 feet away in a wooded area, over 150 
inches of water were applied during a 
10-day period without noticeable saturation 
(Mather, 1953). 

At each spraying point in the woods a 
slowly rotating nozzle disperses streams of 
water that cover uniformly a radius of 120 
feet, or about | acre (Fig. 1). According 
to Mather (1953), each nozzle sprays 
about 21,000 gallons of water per hour at 
a pressure of 55 to 65 pounds per square 
inch. This is equivalent to 0.8 inch of 
water per hour per acre. Some nozzles are 
so close together that spray zones overlap; 





Seabrook Farms photo 


Figure 1. Dispersing waste water in forest 
land, This is a recently established spraying 
point. Notice the forest floor of oak leaves, 
the dying mountain-laurel, and the absence 


of elder and herbaceous weeds, 
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and occasionally the waste water from one 
zone may flow downslope onto another. 
Only about a third of the nozzles are in 
use at one time. They are normally oper- 
ated for 8-hour periods, each nozzle thus 
delivering 6.4 acre-inches of water. Mather 
stated that on the average each sprayed 
spot received 400 to 600 inches of water 
during an 8-month period, but that actual 
amounts varied, going as high as 1,183 


inches in zones of overlapping spray. 
Study Methods 


In the late summer and fall of 1956 ten 
of the l-acre sprayed areas were selected 
for study. According to Seabrook Farms 
personnel, waste water had been sprayed 
on these since May 1950). In each area a 
Q.l-acre circular plot was_ established. 
Within 100 yards of each sprayed plot, an 
unsprayed plot was also selected. Each 
member of a pair had similar elevations and 
—prior to spraying—similar forest stands. 
Because of changes in nozzle locations, 
overlapping of spray zones, and stand and 
soil differences, these 10) pairs of plots prac- 
tically exhausted the available sites for a 
study of this kind. 

Living trees in each plot were tallied 
by species and by l-inch diameter classes 
(at breast height). Heights of five domi- 
nant and codominant trees were measured. 
From increment borings of these trees the 
age of the stand was estimated, and radial 
growth was determined for the 6 years 
prior to 1951, the last 3 years, and the last 
6 years. These 6-year periods were used 
because sample borings indicated hardly 
any effect from spraying in 1950, 

The spray plots were centered on the 
nozzle outlet. Distances to which trees had 
been killed were measured, and open bark 
wounds, probably caused by spraying, were 
noted. 

Tree reproduction was tallied by spe- 
cies and size class on three randomly se- 
lected milacre-quadrats in each plot. Species 
of shrubs and herbs occurring on these 
quadrats were also listed. The heights of 
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the tallest shrub and herb were measured; 
and ground-cover densities of shrubs and 
herbs were estimated to the nearest 5 per- 
cent. 

The depth of layers in the forest floor 
at six locations in each plot was measured, 
and the soils as exposed in one pit per plot 
were classified and described. 

Soil samples were collected from the (- 
to 6-inch layer, 6- to 12-inch layer, and 
either the B horizon or, in its absence, the 
12- to 24-inch layer. At each plot, samples 
from all but the B horizon were composites 
taken in four spots—20, 30, 40, and 50 
feet from the center of the plot and in four 
different directions. Where a well-defined 
B horizon occurred, it was sampled, but 
only in the vicinity of the soil pit because 
the depth and presence of B horizons varied 
greatly. For each sample about 3 quarts of 
soil were collected and thoroughly mixed, 
and then | quart of the composite used for 
analyses. 

No soil samples were collected, nor were 
any vegetation quadrats located, along the 
pipelines. Conditions within 3 feet of these 
lines were atypical of the general sprayed 
areas because of occasional leaks in the 
pipes and paths created in servicing the 
nozzles. 

Soil samples were analyzed in the labora- 
tory of Seabrook Farms. Analyses included 
the determination of relative proportions of 
sand, silt, and clay (Bouyoucos, 1936), the 
pH of each sample and its organic-matter 
content (Schollenberger, 1945). Calcium, 
magnesium, soluble nitrogen, phosphorus, 
and potassium were determined by rapid 
chemical soil tests (Wolf and Ichisaka, 


1947). 
The Unsprayed Check Areas 


Vegetation 

An oak-hickory type of forest, with such 
understory plants as dogwood (Cornus 
florida), mountain-laurel (Kalmia_lati- 
folia), huckleberry (Gaylussacia baccata), 
and low-bush blueberry (Vaccinium palli- 
dum) characterized the unsprayed check 


s areas. Close examination revealed appre- 





id ciable vegetation differences, apparently 
r- due to differences in soil, cutting, grazing, 
or cultivation. Some stands had been re- 
or peatedly coppiced; other areas at one time 
d, had been grazed or cleared. 
ot Fifteen different species of trees occurred 
in the check areas; oaks comprised more 
(. than 70 percent of the stems. Stands in 
nd these areas were between 20 and 55 years 
he old. Diameters (breast high) of dominant 
les and codominant trees ranged mostly be- 
tes tween 6 and 11 inches; their heights ranged 
50 between 30 and 69 feet. Figure 2 shows 
yur a representative stand of the unsprayed 
ed check areas; and Table 1, the average 
yut stand composition. As both indicate, these 
se stands were fairly well stocked, but were 
ied poor in quality because of the high propor- 
of tion of sprouts and low-value species. 
ed, Red maple and blackgum were confined 
for to the finer textured soils of the area, those FicurE 2. Ty pie al forest growth in one of 


containing 50 to 75 percent sand in the the unsprayed check areas. 








cre 
the 
ese 
yed _ . = ° 
th TABLE 1. Average stand composition in the check areas. 
e 
the Number of stems per acre by d.b.h. classes 
l 2-3 4—6 7-10 11-15 All 
ora- Sia Ti : a ; , 7 
Species! inch inches inches inches inches lasses 
ided 
s of Shortleaf pine 4 1 5 
the Virginia pine 2 5 3 10 
“or Redcedar 15 7 22 
Oaks— j 
lum, - an ” . 
Black and southern red 5 21 37 35 10 108 
rus . - ° a 
’ Scarlet 11 15 1 3 
-apid Blackjack 1 + 16 21 
saka, White 74 125 104 21 2 326 
Post 1 8 9 
Hickory 11 40 11 62 
Holly 21 11 32 
Blackgum 5 5 
ouch Red maple 3 2 5 
oat Sassafras 7 9 3 19 
rnus i 
y ; Black cherry 16 19 2 37 
- All species 159 259 189 75 13 695 
ata), — = ——— ————___—_—_—— - 
: Respective scientific names are Pinus echinata, P. virginiana, Juniperus virginiana, Quercus velutina, Q. fal- 
pallt- P . ’ ° 
cata, Q. coccinea, Q. marilandica, Q. alba, Q. stellata, Carya sp., Ilex opaca, Nyssa sylvatica, Acer rubrum, Sassafras 
check albidum, and Prunus serotina. 
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layers sampled. Eastern redcedar, the 
pines, and black cherry were present 
chieflly in areas that probably were once 
pastured or cleared. Blackjack oak was 
most common on one of the poorest sites 
(soil about 90 percent sand) in a stand that 
had been repeatedly coppiced probably for 
250 years. 

Tree reproduction, present in all check 
areas, averaged 4,500 seedlings and sprout- 
clumps per acre. Of these, 3,900 were 
species that hardly ever grow to commercial 
size on these sites—mostly red maple, black 
cherry, and sassafras, with some holly and 
blackgum. However, there were 300 black 
oaks per acre, with an occasional white oak, 
pine, and redcedar. 

Shrubs dominated the understory, cover- 
ing 59 percent of the quadrats. They were 
chiefly dogwood, mountain-laurel, low- 
bush blueberry, and huckleberry. Shrub 
composition varied among plots, but appar- 
ently was not closely related to differences 
in the soils represented. For example, both 
dogwood and huckleberry occurred on all 
three soil types studied. 





Herbs and herb-like plants covered only 
1 percent of the area of the quadrats. The 
most common plants, found on only 5 to 9 
of the 30 quadrats, were Carex sp., Chi- 
maphila maculata, Smilax glauca, Panicum 
sp., and Polygonatum biflorum. Among the 
less common were Ascyrum hypericoides, 
Potentilla canadensis, Silene stellata, Smi- 
lacina racemosa, and Solidago sp. 


Soils 


All the plots in this study are in Coastal 
Plain soils developed from the Bridgeton 
formation of Pleistocene age.” Sand pre- 
dominates, mixed with some clay, silt, and 
gravel. Soil types found in this study were 
Evesboro sand on 3 plots, Choptank loamy 
sand on 11 plots, and Sassafras sandy loam 
on 6. Seven of the 10 pairs of plots had 
the same soil type in both plots of a pair. 
The main difference among the three 


° . ° 
“Remson, report cited in footnote 1. 
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soil series is in the B horizon. Evesboro 
soils are sandy throughout, usually without 
a well-defined B horizon. In the Chop- 
tank series, the soils contain B horizons of 
light to medium sandy loams; similar hori- 
zons in the Sassafras series are heavy sandy 
loams to friable sandy clay loams. Accord- 
ing to the texture analyses, sand comprised 
93 to 96 percent of the B horizons (or 12- 
to 24-inch layers) in the Evesboro soils, 65 
to 85 percent in the Choptank soils, and 51 
to 73 percent in the Sassafras soils. 
Although scattered lenses of clay occur, 
most are too small to reduce permeability 
appreciably in the disposal area. In 1950, 
before any effluent was sprayed, the maxi- 
mum depth to the water table was 38 feet 
under one hilltop. The water table inter- 
sected the land surface at the streams 


(Mather, 1953). 
Forest Floor 


The forest floor in check areas was a mor 
with fairly well-defined L, F, and H layers. 
There was little or no incorporation of or- 
ganic material into the mineral soil; very 
few earthworms or other large soil fauna 
were observed. Total depth of the forest 
floor in the 10 plots averaged slightly over 
3 inches. 

The forest floor and the high permeabil- 
ity of the underlying soil permit use of dis- 
posal sites that might otherwise have suf- 
fered severe erosion. Although sprayed 
spots and check plots are level or gently 
sloping, adjoining areas have slopes up to 
12 percent. 


Effect of Spraying 

Vegetation 

Overstory trees. Spraying waste water at 
an annual rate of 400 to 600 inches for 
nearly 7 years has caused marked changes 
in the vegetation.* Fifty-nine percent of 


3In this study only the total change in vege- 
tation after 7 years of spraying was considered, 
Periodic vegetation surveys have been made in 
the sprayed areas since 1951 by J. J. Higgins 
of C. W. Thornthwaite Associates, 
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the trees 1 inch in diameter (b.h.) and 
larger have died within the radius (37.25 


; feet) of the average plot, but the kill varies 
: greatly among the 10 plots. In three plots 

all or nearly all of these trees have died: in 
‘ one the complete kill extended 80 feet from 


a 


the nozzle (Fig. 3), and in two plots some 
trees had been killed up to 100 feet from 
the nozzles. By contrast, four other treated 
plots had 44 to 52 percent as many livin 
trees as their checks, and two had 71 to 7 
percent as many. 


STEEN 


o 
=> 

? 
3 


PPT 


In some plots more of the smaller trees 
died than the larger. One sprayed plot had 
94 percent as many living stems 3 inches 
(d.b.h.) and larger as did its check, but 
all trees under 3 inches had died. In an- 
other pair the sprayed plot had 85 percent 
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to 100 feet. 


Ficure 3. A spot where waste-water disposal since May 1950 has eliminated all the original vege- 
tation, but encouraged a dense growth of moisture-loving herbs and shrubs. Here complete kill- 
ing of the original cover of trees and shrubs extended to 80 feet from the nozzle, partial killing 




















as many stems larger than 6 inches, 55 
percent as many trees 3 to 6 inches, but 
again all trees under 3 inches had died. 

Tree mortality apparently was not re- 
lated to soil series in the plots studied. ‘The 
lowest and some of the highest mortalities 
were in plots on Choptank soils. In parts 
of the disposal area, clay lenses lie near 
enough to the surface to cause perched wa- 
ter tables and consequent killing of all 
tree growth in sprayed spots. In the 
present study, however, no compact clay 
layers were found, and the most extensive 
kill of trees was on an Evesboro soil that 
measured 6 feet in depth to the upper part 
of the C horizon. 


*Remson, report cited in footnote 1. 
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‘Tree kill appeared to be related to stand 
age and possibly site index. In stands 25 to 
35 years old, the apparent mortality of trees 
1 inch (d.b.h.) and larger varied between 
27 and 56 percent; in stands 45 to 55 
years old, between 56 and 100 percent. In 
stands younger than 35 years, site index, as 
determined from Schnur’s (1937) curves, 
possibly had an effect. Mortality was 27, 
29, and 55 percent in three plots with a 
site index of more than 65 feet, and 48 
and 56 percent in two plots with a lower 
site index. 

Some species appeared more resistant to 
the spraying than others. ‘The pines were 
most susceptible; holly, the most resistant. 

Differences in spraying may account for 
some of the variable mortality of trees 
among the plots. In some plots most of the 
damage was concentrated in tongues along 
radii, as though it had occurred at times 
when the nozzles failed to rotate. In plots 
with high mortality, bark wounding oc- 
curred much more commonly and at far 
greater distances (up to 40 feet) than in 
plots with low mortality. In the latter, 
trees 15 to 20 feet from the nozzles some- 
times escaped injury, and even wounds on 
nearby trees were small. 

Spraying has also had a highly variable 
effect on the growth of surviving dominant 
trees. Radial growth at breast height be- 
tween 1951 and 1956 varied by plots from 
97 to 159 percent of the growth during the 
previous 6 years, 88 to 169 percent of the 
recent growth of trees in the check areas. 
On the average, the growth of surviving 
trees in sprayed areas may have been stimu- 
lated by 20 percent during the 6-year pe- 
riod of spraying. Between 1954 and 1956 
these trees have grown somewhat slower 
than in the previous 3 years; but the rela- 
tionship is not consistent for all areas. 

Such variability should be expected. The 
response of individual trees is affected by 
their vigor and age, and by the amount of 
crown and root damage. Some of the af- 
fected trees showed a slight increase in 
radial growth during 1951, followed by 
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marked decreases. The growth of others 
was markedly stimulated for 2 or 3 years, 
or even longer. However, because crown 
and root injuries tend to be cumulative, 
probably the growth of all trees within 
range of concentrated spray (about 100 
feet) will eventually be adversely affected, 
and complete killing will result. 

In contrast, highly favorable results have 

been reported in Michigan from spraying 
cannery waste water on newly planted 
black willows (Salix migra) at the rate of 
2 inches a week. After 3 years survival 
was 58 percent in the irrigated area, 15 
percent in the check area; average heights 
of the surviving trees, 9 and 1.5 feet re- 
spectively (Rudolph, 1957). Even though 
the Seabrook Farms areas have been re- 
ceiving roughly 10 times as much waste 
water as the Michigan planting, willow 
plantations might do well there until the 
trees were tall enough to intercept the jets 
of spray. 
Understory. Spraying has eliminated prac- 
tically all tree reproduction. Only one 
holly about 5 feet tall was found on the 
quadrats in sprayed areas. 

Spraying has also eliminated all the usual 
shrubs and most of the herbs, but has en- 
couraged the growth of water-tolerant 
shrubs and herbs. In areas where tree 
growth has been almost or completely elimi- 
nated, this growth was rank, completely 
covering the site (Fig. 3). In the average 
sprayed plot it covered 75 percent of the 
quadrats. The growth of these shrubs and 
herbs may have been stimulated not only 
by the moist soils of sprayed areas, but also 
by nutrients in the waste water. 

The relative importance of shrubs and 
herbs is just the opposite in the check areas. 
In the latter, several shrub species together 
provided a 59-percent cover. In the sprayed 
areas elder (Sambucus sp.) is the only 
shrub present; it covers 7 percent of the 
average site, although in some plots it is 
much more prevalent. The remaining 
cover (68 percent) is of herbaceous plants, 
a group that covered only 1 percent of the 


‘ 


ee 


we 


ee 


peyrenpmregmar ie oo 


ao = —<£_, ~- 


ov JR 


+ SERGE EARL OME TIT ET 


pT 


quadrats in the check areas. 

Smartweeds ( Poly gonum hydroptperoides, 
P. orientale, P. pensylvanicum, P. persi- 
carta, and Tracaulon arifolium) were the 
most common herbs; they occurred in all 
sprayed plots on 90 percent of the quad- 
rats. Lambsquarters (Chenopodium album) 
and pokeberry (Phytolacca americana ) 
were also very common; they were found 
on nine plots and about 70 percent of the 
quadrats. 

The only other herbs noted on more 
than half of the plots were barnyard grass 
(Echinochloa crusgalli) and some climb- 
ing weeds (Polygonum convolvulus, P. 
scandens, and Mikania scandens). Less 
frequently encountered herbs were Aster 
sp., Bidens cernua, Hypochoeris radicata, 
Panicum dichotomiflorum, Phragmites com- 
munis, Smilax glauca, Solanum nigrum, 
Solidago sp., and Stellaria media. 

Most of these herbs are, of course, com- 
mon field weeds. Although damaged by 
spray they developed luxuriantly; the av- 
erage height of tallest herbs on the quad- 
rats was 4.3 feet. By the end of summer 
many had suffered sufficient spray damage 
so that stems were either dying or putting 
out new foliage. Pokeberry and lambsquar- 
ters were two of the weeds developing new 
foliage. In spots, new growth of other 
weeds, such as chickweed (Stellaria media), 


and grass was replacing the dying species. 


Forest Floor 


One might think that huge quantities of 
waste water would eliminate most of the 
organic mat. However, except in some 
spots along the pipelines, where overland 
flow had washed away the original cover, 
the organic mat has remained intact and 
deepened. The average depth of organic 
material was 3.2 inches in the check plots 
and 5.3 inches in the sprayed plots. 

Most of the change was in the F and H 
layers. The F layer was an inch thinner 
in the sprayed areas; the H layer, 3 inches 
thicker. 

Herbaceous plants, of course, accounted 


for most of the litter on the surface of 
sprayed plots. Organic waste in the water 
contributed an unknown amount to the F 
and H layers. Usually, remnants of the 
original forest floor were still visible as a 
matted layer of oak leaves in the bottom 
part of the F layer. 

The increased depth of the H layer was 
associated with a change in the type of de- 
bris and soil-fauna activity, both resulting 
from spraying waste water. Earthworms 
were very numerous. Their activities and 
the herbaceous debris were creating a duff- 
mull humus type of forest floor, in place of 
the mors in the check areas. 


Soils 

Excessive amounts of water, as sprayed on 
the study plots, may hasten soil evolution; 
but there are counteracting influences. In 
one area on Evesboro sands, the leached 
Az horizon was 2 to 15 inches thick in the 
sprayed plot, 1 to 9 inches thick in the 
check plot. But its thickness varied so in 
both areas that it is questionable whether it 
has increased as a result of waste-water dis- 
posal. 

Counteracting any stimulated leaching 
are such factors as encouragement of herba- 
ceous growth and earthworms, and the ad- 
dition of nutrients in the waste water. The 
luxuriant seasonal herbaceous growth prob- 
ably ties up most of the available nutrients 
during the annual period of waste-water 
disposal. Tilling by earthworms tends to 
prevent the development of leached surface 
layers, and the presence of nutrients in the 
waste water more than offsets any losses of 
nutrients by leaching. 

The analyses of soil samples showed that 
waste-water spraying had caused appre- 
ciable changes in the chemical composition, 
acidity, and content of organic matter. 
Some of the results are (see Table 2): 

1. Organic matter in the top 6 inches 
of soil has increased from an average of 2.6 
percent in the check areas to 3.5 percent, 
possibly because of organic matter in the 
waste water or because of earthworm ac- 
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tivity. Samples from lower soil layers 
showed no appreciable differences in or- 
ganic matter from spraying. 

2. Soil acidity has decreased in all areas 
and throughout the sampled portions of the 
soil profiles. The pH of the top 6 inches 
of soil varied between 4.2 and 5.3 in the 
check areas, between 5.1 and 6.1 in the 
sprayed areas. Corresponding values in the 
lower layers were 4.7 to 5.9 in the check 
areas, 5.3 to 6.1 in the sprayed plots. In 
every pair of plots the sprayed one had less 
acid soil than the check, typical pH values 
being 5.7 and 5.1, respectively. 

3. Calcium content was greater in the 
top 6 inches of soil of the sprayed plots. 

4. Magnesium content was greater in 
the sprayed areas, especially in the top 6 
inches. In the B horizons there was usually 
twice as much magnesium in the sprayed 
areas as in the checks. 

5. Soluble nitrogen also greatly in- 
creased from waste-water spraying, but the 
increase was usually limited to the top 6 
inches of soil. There the sprayed plots av- 


20 times more soluble nitrogen 


eraged 
than the check plots. 

6. Phosphorus content also increased. 
Sprayed areas had more than twice as much 
phosphorus in the top 6 inches of soil, and 


TABLE 2. 
of the sprayed and check areas. 


Depth Organic 
of soil matter 
Area samples content pH 
Inches Percent 
Sprayed 0-6 3.5 5.5 
6-12 a 5.7 
12-24 or B 4 5.8 
horizon 
Check 0-6 2.6 4.7 
6-12 I 2 
12-24 or B 6 5.0 


horizon 
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50 percent more in the 6- to 12-inch layer 
of soil than did the check areas. Below 12 
inches there was no apparent difference 
from spraying. 

7. Potassium content increased through- 
out all sampled soil layers. Sprayed plots 
had about 10 times as much potassium in 
the top 6 inches of soil, + times as much in 
the 6- to 12-inch layer, and 6 times as 
much in the lowest layer sampled. 

Certainly all these changes would usually 
be considered highly desirable. Changes in 
soil acidity and nutrient content seem due 
mostly to the type of water used, its treat- 
ment, and the waste added in processing 
vegetables. 

Samples of well water and waste water 
were taken on two dates in the late fall of 
1957 and analyzed by the Seabrook Farms 
soils laboratory. The well water was nearly 
neutral and contained relatively few nu- 
trients. After being used in processing 
vegetables, and being treated with lime on 
leaving the plant, the water contained ap- 
preciably more calcium and _ potassium, 
slightly more magnesium and phosphorus. 
Howey er, waste additions to the water 
vary with the crops being processed. 

Present indications are that the soils will 
remain permeable and will continue to be 


Organic-matter content, acidity, and chemical composition of soils 


Phos- 


Calcium Magnesium Nitrogen phorus Potassium 


Pounds per acre per b-11¢ £ soul depth 


287 t 40 8 196 
156 16 3 6 81 
163 55 2 8 130 
167 2 2 3 20 
167 3 2 4 20 
171 26 2 9 20 








usable filters of waste water, even if all the 
tree growth were killed. Because of the 
dense herbaceous growth, increased depth 
of forest floor, and increased activity by 
earthworms, the absorptive capacities of 
these soils should remain high. 


Summary and Conclusions 


Ten pairs of 1/10-acre plots were used to 
study changes in vegetation and soils from 
spraying waste water for a period of nearly 
7 years. This water, from a food-process- 
ing plant in southern New Jersey, has been 
sprayed out of large rotating nozzles into 
a woodland at the rate of 400 to 600 inches 
a year. 

Much of the natural vegetation has been 
killed within the treated spots. Within 37 
feet of the nozzles, 27 to 100 percent of 
the trees 1 inch (d.b.h.) and larger have 
died, and in a few areas the killing extends 
to 100 feet. Radial growth of surviving 
dominant and codominant trees has been 
somewhat favored, but it is expected that 
most trees in the zones of concentrated 
spray will be killed. 

Practically all the tree reproduction, all 
the native shrubs, and most of the native 
herbs have disappeared from the treated 
spots. In their place has developed a rank 
growth of elder and many herbs—mostly 
smartweeds, pokeberry, lambsquarters, 
barnyard grass, and cornbinds. 

Forest floors are deeper and more mull- 
like, perhaps because of a greatly increased 
earthworm population. The top 6-fnch 
layer of soil in sprayed areas contains 
somewhat more organic matter and much 
more soluble nitrogen and_ phosphorus 
than in check areas. Both A and B hori- 


zons of sprayed spots are less acid and con- 
tain appreciably more magnesium and 
potassium, 

The high rates of water absorption as- 
sociated with forest growth are made pos- 
sible by an undisturbed soil condition and 
by the presence of a protective forest floor 
that breaks the impact of spray. As long as 
such a mantle of debris remains and the soil 
is not disturbed, high infiltration rates will 
probably continue. 

Spraying has eliminated, or probably will 
eliminate, the forest growth within range 
of the nozzle spray. Damages to the forest 
cover would be lessened if a way could be 
found to disperse the water more gently. 
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Weather, Water Levels, and 


Larch Sawfly Cocoons 


WEATHER CONDITIONS play an important 
part in the life of most organisms and the 
larch sawfly Pristiphora erichosnu Htg. is 
no exception. It is known that if the sphag- 
num hummocks, characteristic of most 
tamarack (Larix laricina (Du Roi) K,. 
Koch) bogs, become dry, the larvae seek- 
ing cocooning sites will work deep into the 
moss in search of moist conditions. (Ives, 
1955; Graham, 1956.) 

If, in order to reach moist conditions, 
the larvae penetrate beneath the level of 
the depressions between the hummocks they 
are certain to be covered by water during 
the following winter, spring, and early 
summer, since the water level invariably 
returns at least to that level every winter. 
Such flooding will drown the larvae. (Le- 
jeune, 1951.) 

In addition to these direct influences, 
weather conditions also affect the activities 
of small mammals, chiefly voles, mice, and 
shrew, which prey upon sawfly cocoons. 
Wet conditions hamper and dry conditions 
favor their movements in swamps, as shown 
by previous work (Graham, 1928 and 
1956). The interactions between the saw- 
fly, its predators, and weather have thus 
profoundly influenced sawfly numbers. The 
level of water in the swamps seems to be 
the chief controlling influence, but high 
temperature during the larval period (Gra- 
ham 1956) and heavy showers at the time 
of, or shortly preceding cocooning, also ex- 
ercise an influence, as will be shown later. 

This paper will discuss the effect of 
weather upon sawfly cocooning between 
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1930 and 1957, as indicated by weather 
records interpreted in the light of observa- 
tions on water levels and the activities of 
mammalian predators during the season of 
1957. This work has been done in the 
Ottawa National Forest in Iron and Go- 
gebic Counties, Michigan, a locality char- 
acterized by a marked increase in sawfly 
numbers since 1950. Prior to that time 
the population had been low for a period 
of almost 20 years throughout most of 
Michigan. 


Larch Sawfly Population Trends 
In Michigan 


Following the disastrous outbreak of the 
larch sawfly prior to 1910 there were spo- 
radic upward surges of the insect often lo- 
cal in extent. A rather general minor out- 
break came to an end following 1929. 
Thereafter the numbers remained low un- 
ti! 1951. In fact, the senior author failed 
to find any of this insect from 1938, when 
a single cluster of larvae was collected, un- 
til 1950. Since 1951 there has been a 
steady increase (Table 1). 

Along with this increase, there has been 
a conspicuous increase in the severity of de- 
foliation in the tamarack swamps where the 
sawfly was found, the most striking being 
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TaBe 1. Observations of larch saw- 
fly reported in pest detection survey. 





Year No. Reports! Percentage Positive 





1951 68 0 


1952 113 30 
1953 137 42 
1954 135 73 
1955 145 66 
1956 140 81 
1957 133 85 


‘Number of sample swamps actually exam- 
ined for presence of sawfly larvae. From Pest 
Control Reports, Forestry Division, Michigan 
Department of Conservation. 


in 1957 when defoliation was moderate to 
heavy in almost all swamps in the western 
half of the Upper Peninsula of Michigan. 

Thus there was a period of 12 years 
when the insect was not observed, although 
undoubtedly present in minute numbers, 
and almost 20 years when its numbers 
were too low to cause significant defolia- 
tion. We know from observations that 
some of the drought years following 1930 
were very unfavorable for the sawfly and 
from weather records a guess may be made 
that in some other years drought and heat 
could have exercised a limiting influence. 
It is difficult, however, to be certain with- 
out knowing the effect of weather on the 
water level in swamps of different types in 
which tamarack grows, a subject studied 


by the junior author during 1956 and 
1957. 


A Classification of Swamp Types 


Weather affects the water level differently 
in various swamp types, and this in turn 
influences the time at which the surface 
layers will become too dry for cocooning 
of sawflies. Failure to recognize this has 
led some forest entomologists to erroneous 
conclusions on the effect of weather. It is 
surprising that these differences between 
northern swamps have not more generally 
been recognized and a classification based 
on easily observed characteristics presented 


in the literature. Since such a classification, 
to our knowledge, has not been published, 
it seems appropriate to describe here the va- 
rious swamp types that may be encoun- 
tered in order to simplify the discussion of 
weather and water levels that will follow. 


Proposed Classification. 


A. Sphagnum swamps. Characterized by a 

ground cover of sphagnum moss (Sphag- 

mum spp.), sedges (Carex spp.) and low 

shrubs of the heath family. 

1. Tamarack (Larix laricina) in pure 
stands or with black spruce (Picea ma- 


riana). Stagnant swamps. 


a. surrounded by flat lands so that 
there is little surface drainage into 
the swamp. Water supply chiefly 
from direct precipitation by mid- 
summer, . Precipitation bogs 

b. Surrounded by sloping land with 
relatively impervious soils, Water 
supply chiefly from a combination 
of direct precipitation and runoff 
from surrounding land... . 

Runoff bogs. 

2. Tamarack associated with white spruce 
(Picea glauca), northern white-cedar 
(Thuja occidentalis), balsam fir (A dies 
balsamea) or speckled (tag) alder (Al- 
nus rugosa). Fresh swamps through 
which water flows. 

a. Steady flow from underground res- 
ervoir maintains constant water 

level through the summer... . 

Permanent bog seepages. 


b. Flow from underground reservoir 
normally exhausted by mid-sum- 
mer. Thereafter water supply is 
chiefly from direct precipitation 
and runoff from surrounding land. 
Temporary bog seepages. 

B. Non-sphagnum swamps. 


1. Little or no slope. Tamarack associa- 
ted with such species as quaking aspen 
(Populus tremuloides), burr oak (Quer- 
cus macrocarpa), elm (Ulmus spp.), 
red maple (Acer rubrum), white 
spruce, or balsam fir. Water supply 
chiefly from direct precipitation. .. . 

Lake bottom swamps. 


2. Sandy and muck seepages. ‘Tamarack 
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Ficure 1. Weekly average water levels-1957. 


associated with such trees as northern 
white-cedar, balsam fir, white spruce, 
white pine (Pinus strobus), or red 
maple. 
a. Water supply chiefly from springs. 
Level maintained throughout the 
summer... 
Permanent mucky see pages. 
b. Water from superficial seepage, run- 
off from surrounding land and 
from direct precipitation. Water 
level fluctuates with precipitation. 
Temporary mucky see pages, 
‘Tamarack grows on all of the above 
swamp types but is by far most abundant 
on those with a sphagnum-sedge ground 
cover. Competition with other tree species 
more tolerant of shade has eliminated tam- 
arack from most of the non-sphagnum 
types. It grows especially well, however, 
on mucky seepage where in primitive 
times, judging from the numerous fallen 
tamaracks still distinguishable in such 
places, it occupied considerable areas adja- 
cent to bogs. Evidently tamarack invaded 
such sites after severe fires. 
In the following section the water level 
pattern characteristic of the different swamp 
types will be discussed. 


30 


/ Forest Science 





Hydrologic Conditions in Various 
Swamp Types 


During the summer of 1956 frequent rains 
kept all swamps continuously moist and 
maintained a high water level. In contrast 
1957 was unusually dry and water levels 
dropped materially except in those areas 
supplied by a permanent flow of under- 
ground water. In 16 wells, located in six 
different swamps, water levels were meas- 
ured regularly throughout the growing 
season. These wells were located so as to 
represent all types except the lake bottom 
swamp. As a result it has been possible to 
compare the water level patterns directly 
(Fig. 1). 

A water level recorder was installed in 
one well located in a temporary mucky 
seepage. This well fluctuated widely with 
alternating wet and dry weather, the maxi- 
mum difference between high and low 
level being 40 inches. Adjacent to this well 
a meteorological station was set up to meas- 
ure precipitation, temperature, and relative 
humidity. However, only precipitation or 
lack of it appeared to have a significant in- 
fluence on the ground water level, which 
responded conspicuously to rainfall in a 
predictable manner. In other wells the 
ground water responded in different ways 
depending upon the swamp type. But each 
proved to be predictable. 

Four general water level patterns were 
observed, after the excess surface water 
characteristic of the spring season had dis- 
appeared. Pattern 1 is illustrated by the 
temporary mucky seepage recording well. 
The water level dropped steadily during 
dry periods and rose rapidly with each rain 
that exceeded the relatively low storage 
capacity of the surrounding higher land. 
Similar fluctuations but with lower ampli- 
tude would be expected in the lake bottom 
type since precipitation would not be sup- 
plemented by heavy runoff. 

Pattern 2 is illustrated by precipitation 
bogs. In these bogs, because there is little 
or no inflow, the level drops steadily be- 
tween rains. Once it has dropped 6 inches 
or more, the storage capacity of the dry 
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surface layers of the sphagnum and peat is 
so great that little precipitation can reach 
the ground water. Observations made in 
1957 show that dry sphagnum will absorb 
approximately 0.6 inch of rain per inch of 
depth. Thus a rain may check the water 
level fall but cannot raise it until the stor- 
age capacity of the dry layers is exceeded. 
Therefore, after the surface has become 
dry the level in such a swamp will continue 
to fall in spite of some rain. The sawfly 
cocooning in such swamps would be most 
affected by dry weather. 

Pattern 3 is illustrated by the runoff 
bogs and some temporary seepage bogs. 
Although precipitation may not be suffi- 
cient to maintain the level, supplementary 
water flowing from higher ground may 
maintain water level for a time but con- 
tinued drought will cause it to fall. After 
the surface layers become dry temporary 
flow from higher ground during even a 
moderate rain will raise the water level. 
Thus the water level will fluctuate beneath 
the dry surface layers until the swamp 
again becomes saturated through precipita- 
tion and inflow. This may occur as a result 
of a rain insufficient to saturate the preced- 
ing type. 

Pattern 4 is characteristic of permanent 
seepages in which the water level is to a 
considerable degree independent of precipi- 
tation. In such swamps the water level 
may never fall appreciably if the water 
supply is unfailingly uniform. But even 
when the flow is reduced by drought, the 
drop is seldom more than 6 or 7 inches. 
In bog seepages, however, even such a 
small decline will permit sphagnum hum- 
mocks to become very dry following rain- 
less periods of two weeks or more. This 
was the case in 1957 when only one rain 
of consequence occurred between June 18 
and July 21. The surface layers became 
dry although the water level fell only an 
average of 7 inches below the normal high 
water level in swamps of this type. The 
size of the underground reservoir feeding 
these permanent seepage swamps deter- 
mines the influence of dry weather on saw- 








fly cocooning. It may be expected to vary 
greatly from swamp to swamp. 

From the foregoing discussion it is clear 
that the rate at which different swamps 
will become dry and the amplitude of fluc- 
tuation in the water level differs greatly. 
Some, fed by unfailing underground water 
supply, may never become dry on the sur- 
face, whereas others may dry out quickly. 
For cocooning to take place at a level 
where the prepupae will be drowned three 
things are essential. First, the water level 
must fall below the level of the depres- 
sions, since the surface of the depressions 
between hummocks in sphagnum swamps 
marks approximately the normal high wa- 
ter level. Second, a period of dry weather 
of two weeks or more must intervene be- 
tween dropping of the water level and the 
period of cocooning. Third, no rain suffi- 
cient to moisten the upper few inches of 
the moss should fall during cocooning if all 
cocoons are to be spun at a low level. 

The various swamp ty pes may be eX- 
pected to become dry on the surface in the 
following order: (1) Precipitation bogs, 
(2) Lake bottom swamps, (3) Runoff 
bogs, (+) Temporary bog seepages, (5) 
Temporary mucky seepages, (6) Perma- 
nent bog seepages, (7) Permanent mucky 
seepages. In the last type there is often 
so much water on or near the surface that 
sawfly larvae find few places suitable for 
cocooning; hence, high populations cannot 
build up. In contrast, the sphagnum 
ground cover in the permanent bog seep- 
ages almost always provides cocooning 
sites and as a result the insects may survive 
here when in other swamps they have spun 
their cocoons in such a position that they 
will be drowned. Only after a succession 
of dry years sufficient to materially reduce 
the flow of underground water can we ex- 
pect much mortality from drowning in 
permanent bog seepages that normally flow 
steadily throughout the summer. The pre- 
cipitation deficiency required will, of course, 
be proportional to the volume of the un- 
derground reservoir feeding the swamp. 
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Estimating Water Levels from 
Precipitation Records 


Observations made in 1957 showed that 
water levels fell at a predictable rate during 
rainless periods in all but the permanent 
seepages. ‘This rate was reduced as the 
level fell beneath the surface. Similarly 
water levels were raised at a predictable 
rate by precipitation reaching the swamps 
directly or from surrounding lands. ‘The 
details of this work will be presented else- 
where by the junior author but roughly 
speaking, after the water level falls be- 
neath the depression surface in most sphag- 
num swamps, two weeks of rainless or 
nearly rainless weather will be sufficient to 
dry the sphagnum hummocks and force the 
sawflies to pupate below the normal winter 
level. 

A precipitation deficiency _ prevailed 
throughout the 1957 season and as soon 
as transpiration from new foliage began to 
draw on the stored water supply, water 
levels fell rapidly in all but the permanent 
seepage swamps. The longest period with- 
out appreciable rainfall was from June 18 
to July 21 except for a moderate rain on 
July 3. By that time the hummocks were 
dry. 

On July 21 approximately 1% inches 
of rain moistened the surface 3 or 4 inches 
of moss, but only in runoff swamps did it 
affect the ground water level appreciably. 
Continued dry weather again caused the 
surface layers of the moss to become dry 
before cocooning of the sawflies had been 
completed about August 8. Thus between 
July 20 when cocooning started, and Au- 
gust 8, when it practically was completed, 
there was a period when the moss was suit- 
able for cocooning near the surface and a 
considerable period when it was too dry. 


Vertical Distribution of Cocoons 
In 1957 


To discover the influence of the 1957 
weather pattern on the location of sawfly 
cocoons in reference to the normal water 
table, and on the predatory activities of 
small mammals, collections were made in 
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six sawfly-infested swamps on August 8 
and again between September 18 and 26. 
The collections were paired, one being in 
a hummock and one in an adjacent de- 
pression. ‘The position of the cocoons was 
recorded separately in 2-inch classes down- 
ward from the surface of the hummocks 
and from the surface of the adjacent de- 
pressions. It was assumed that all cocoons 
at a lower level than the depression, even 
under drought conditions, would be cov- 
ered with water throughout the following 
winter and early summer. This assumption 
is based on previous observations and has 
been verified in the current study. A total 
of 815 cocoons were collected. Of these 
406 were above, and 407 below the level 
of the depression, the latter mostly in the 
depressions. Thus we can say with confi- 
dence that at least one-half of the cocoons 
spun in the spots examined will not produce 
adult sawflies. 

In the hummocks of sphagnum about 
18 percent of all cocoons were spun at the 
2-inch level, about the same proportion at 
the 4-inch level, 34 percent at the 6-inch 
level, and 12 percent at the 8-inch level. 
Below this cocoons were scattered to a 
depth of 14 inches. The average hummock 
height was about 8 inches. Thus although 
the hummocks became dry in 1957, the 
rain of July 21 moistened the upper layers 
enough to permit considerable cocooning 
there. 

In the depressions 82 percent of the co- 
coons were spun within 4 inches of the 
surface, for the most part while the hum- 
mocks were dry. This distribution indi- 
cates that larvae dropping on the dry hum- 
mocks tended to move laterally into the 
depressions where moist conditions continu- 
ally prevailed. Thus there was a concentra- 
tion of cocoons in places kept continually 
moist from the ground water below. Un- 
doubtedly this moist level would have been 
entirely beneath the level of the depressions 
except for the heavy rain on July 21 which 
checked the fall of the water table and 
moistened for a time the surface layers of 
the moss, resulting in a wider depth distri- 
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bution of cocoons than would ordinarily be 
observed, 


Influence of Dry Seasons Since 1930 


With all the considerations that have been 
discussed in mind, an evaluation was made 
from weather records collected at Stam- 
baugh, Michigan, of the probable effects of 
dry seasons on water levels and the sawfly 
since 1930 in the locality studied. 

Between 1930 and 1957 inclusive there 
were nine seasons when the weather was 
sufficiently dry so that most of the sawflies 
would have spun their cocoons below nor- 
mal high water level in all but permanent 
seepage swamps. In 1933, 1934, and 
1936, most of these would have dried also, 
as a result of protracted drought. During 
four of the nine years, precipitation oc- 
curred during, or immediately prior to, the 
cocooning period, This was true of 1957, 
1948, 1947, and 1937. These years had 
similar weather and flooding mortality 
must have been similar to that in 1957. 

In the year 1941, 1936, 1934, 1933, 
and 1932, both water level and precipita- 
tion during cocooning were low. In those 
years few prepupae could have survived. 
The period of repeated and severe droughts 
between 1932 and 1936 inclusive is suffi- 
cient to account for the near exterpation 
of the sawfly in the Ottawa National For- 
est swamps. If there was unnoticed build- 
up between 1937 and 1941, it would 
again have been reduced to a minimum in 
1941. 

Beginning in 1942, however, weather 
conditions have been ideal for the sawfly 
multiplication except for the three years 
1947, 1948, and 1957, when dry weather 
was sufficient to destroy an appreciable part 
of the population, but not enough to con- 
trol its increase. 


The Influence of High Temperature 

Exposure to temperatures in excess of 
95°F. is distinctly deleterious to the adult 
sawflies and their reactions indicate that 
90° is about the upper limit of their com- 
fort zone. Field observations indicate that 
the larvae are simlarly affected, but further 


Tasie 2. High temperatures in June 
and July at Stambaugh, Michigan. 


Maximum temp. Number of 


Year in degrees F. days over 90 F. 
June July June July 
1931 96 95 3 8 
1934 93 99 3 4 
1936 83 103 0 9 
1937 97 97 1 4 
1941 93 100 + 7 
1955 84 97 0 3 


observations are needed before a_ positive 
statement can be made (Graham 1956). 
It is possible that high temperature could 
have had an influence on the sawfly popu- 
lations during the years listed in ‘Table 2. 
During other seasons the maximum tem- 
perature failed to reach 90°F. during June 
and July and heat injury to the sawflies 
could not have occurred. 

From Table 2 it appears that high tem- 
perature was combined with drought in a 
number of the dry years and in two others 
temperature was high and could have exer- 
cised some limiting effects; exactly how 
much cannot be said at present. These 
years were 1931 and 1955. 

From this evaluation of drought and 
high temperature it is concluded that dur- 
ing a period of 27 years drought almost 
certainly exercised a very great influence 
in reducing the sawfly numbers during five 
seasons and a considerable influence during 
three others. Also it is evident that the 
increase in sawfly number since 1950 has 
occurred during a period when weather 
conditions, except for high temperature 
during 1955 and the dry conditions in 
1957, have been almost ideal for survival 
of sawfly cocoons. But it is also clear that 
other important influences, probably preda- 
tors and parasites, combined with weather 
resistance to hold down the sawfly popula- 
tions in the Ottawa National Forest since 
1930. Some evidence on this score was ob- 
tained from the 1957 cocoon collections, 
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when observations were made on small 
mammal and parasite activities. 


Predatory Activities of Small Mammals 
The predatory activities of small mammals 
varied considerably from swamp to swamp 
depending, presumably, upon the concen- 
tration of both cocoons and mammals. In 
making the cocoon collections during 1957 
the cocoons opened by small mammals were 
recorded separately from the unopened co- 
coons for each depth level. At the time of 
the August collection predation by mam- 
mals was conspicuous. More than one- 
half the cocoons observed had been opened 
by that time, but only one-fourth of those 
below the level of the depressions had been 
eaten. In the September collections only a 
little over 60 percent of the cocoons had 
been opened above the depression level and 
more than 70 percent below. From this it 
would appear that early predatory activity 
was greatest near the hummock surfaces, 
but as the unopened cocoons became fewer 
the animals worked deeper and found the 
concentration of cocoons in the depressions. 

Doubtless more cocoons fell prey to the 
mammals after the latest collections on Sep- 
tember 26, but if the predatory activities 
follow the same pattern as that previously 
observed in Mud Lake swamp near Ann 
Arbor in 1928 and 1929, the predation 
should have been nearing an end. At Mud 
Lake few cocoons were opened after the 
end of September (Graham 1956) when 
66 percent had been eaten. Four percent 
more were taken in the spring during May. 

The mammals, by concentrating on the 
cocoons which inevitably would have been 
drowned if left in place, exercised less over- 
all control of the sawfly population than if 
they had worked nearer the surface of the 
hummocks, as they would in a normal year. 
Nevertheless it is to be expected that about 
65 percent of the cocoons, ina position to 
escape being drowned, will have fallen 
prey to mammals by the time of adult 
emergence in 1958. 

Small mammal predation varies greatly 
from year to year depending upon the pop- 
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ulation density of the animals at the time. 
In 1957 the mouse and vole numbers were 
approaching a peak following very low 
numbers in 1954 and 1955. The previous 
year of high numbers was 1953 when the 
animals were so abundant that they girdled 
numerous sugar maples (Acer saccharum) 
up to 3 inches in diameter along roads and 
lake shores. The leaves of these trees 
turned red in August while other foliage 
was still green. This conspicuous evidence 
of rodent abundance was to be observed 
throughout the Upper Peninsula of Mich- 
igan indicating that mouse populations were 
generally approaching plague proportions. 
But no such evidence was observed in 
1957. It would be interesting to know the 
effect of predation upon the sawfly during 
1953, but at that time the cocoons were 
too few for sampling to be practicable. 
Furthermore, the swamps were too wet 
throughout the season to permit unrestrict- 
ed mammal activity in them. 


The Influence of Parasites 

To complete the complex of resistance 
forces operating against the cocoon stage 
of the larch sawfly, parasites should be men- 
tioned even though the effect of weather 
upon these organisms is not understood. 
Parasitism was low in the locality studied 
in 1957 as indicated by dissection of 100 
cocoons selected at random from collections 
made on August 8 and held in moist sphag- 
num. After September 15 they were stored 
under refrigeration until December 13. 
‘Two prepupae were killed by the fungus, 
Isaria farinosa, one was parasitized by a 
dipterous larva, and five by hymentoperous 
parasites, making a total of eight percent 
of the unopened cocoons that contained 
parasitized prepupae. ‘This is about the pro- 
portion to be expected during a period of 
increasing host numbers. 


Evaluation of Combined Resistance 

Evaluating the combined resistance forces 
operating against the cocooned sawflies in 
1957 the following conclusions may be 
drawn. Starting with a population repre- 
sented by a cocoon collection of 800 co- 


coons, 45 percent or 360 will be drowned, 
leaving 440 survivors. Assuming that 65 
percent of these will fall prey to small 
mammals by June 1958, the survivors 
would number 164 or 20.5 percent of the 
original number. An additional 8 percent 
of this remainder will be killed by parasites, 
leaving a residual living population of 151 
to emerge as adults in June 1958. This 
population would be adequate to maintain 
the sawfly at a high population level if 
losses are uniformly distributed throughout 
the locality. 

Actually the resistance forces are not at 
all uniform in their distribution. In some 
swamps less than 21 percent of the cocoons 
were spun in a location where they would 
drown, whereas in others the proportion 
was 85 percent. Also the predatory activi- 
ties of the mammals varied from 30 per- 
cent to 96 percent. 

Defoliation during 1957, although by no 
means uniform in intensity, was generally 
conspicuous. From this analysis of the co- 
coon collections a high degree of control 
may be expected in some swamps and prac- 
tically none in others. This would indicate 
a more “spotty” distribution of sawfly 
populations in 1958. 


Conclusions 


From the foregoing discussion of the effects 
of environmental resistance upon the co- 
cooned larch sawfly populations in the Ot- 
tawa National Forest, it is evident that the 
rise and fall of sawfly numbers is the com- 
bined result of a number of influentes, 
only a part of which are considered here. 
It is also evident that these effects vary 
from place to place and from year to year. 

Generally speaking, moist years are fav- 
orable for the cocooned stages and dry 
weather during June and July are dele- 
terious. However, the latter effect may be 
greatly reduced by rain during the cocoon 
spinning period. Therefore, published 
weather records alone are not suitable for 
assessing biological effects from weather. 
Not only will the distribution in time of 
both precipitation and high temperature 


play a controlling influence, but also the 
cumulative effects will vary in the different 
swamp types. 

It is also apparent that dry weather fol- 
lowed by limited precipitation such as that 
which occurred in 1957 and 1948 results 
in a wider vertical distribution of cocoons 
in the soil than normal. This in turn will 
influence the proportion that will be discov- 
ered and eaten by small mammals. More 
are likely to be found if the cocoons are 
concentrated near the surface, as they us- 
ually are. 

It should also be remembered that the 
effects of small mammals upon the sawfly 
will vary from year to year depending up- 
on the abundance of these animals. Their 
populations fluctuate greatly, reaching a 
peak every four or five years. The ampli- 
tude of these fluctuations also varies from 
period to period. For example, the exceed- 
ingly high numbers in 1953 were followed 
by correspondingly low populations in 
1954. Unfortunately no systematic obser- 
vations of small mammal populations have 
been made over a long time in the locality 
with which we are concerned. But if con- 
ditions favorable for hunting in the swamps 
corresponds with a peak of small mammal 
populations, they could exercise almost com- 
plete control of the sawfly. In 1953 the 
water level in the swamps was _ high 
throughout the season, so high in fact as to 
inhibit the activities of small mammals in 
such places. Otherwise the high numbers 
that year would probably have had a great- 
er influence on the sawfly than it appar- 
ently did. 

The situation that should produce the 
maximum predation by small mammals 
would be a high population of the animals 
combined with moist, moderately cool 
weather through June and early July, fol- 
lowed by dry warm weather from mid- 
July through August. Under such condi- 
tions the cocoons would be concentrated in 
the upper parts of the hummocks and the 
swamps would be dry enough during Au- 
gust so that they would be attractive to the 
mammals. 
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Still another point deserving comment is 
that the hydrologic differences between 
swamps will influence the response of wa- 
ter level to drought and precipitation. As 
a result, conditions in swamps with a re- 
liable water supply may be favorable while 
in others that dry rapidly they may be ad- 
verse for the sawfly. These differences ex- 
plain, at least in part, the spotty pattern of 
defoliation frequently observed in a local- 
ity, and the inconsistencies that sometimes 
appear in attempts to date past defoliations 
from the study of annual rings; the appar- 
ent inconsistencies actually represent the 
true situation. 

Finally, this study illustrates the impor- 
tance of a full understanding of how in- 
sects react to their environments, both 
physical and biotic, if we are to recognize 
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situations that are potentially hazardous 
from the viewpoint of insect outbreaks in 
time to do something about them. 
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Radiographical Determination of Decay in 





Living Trees by Means of the Thulium 


X-ray Unit 


INVESTIGATION OF HEART ROT in forest 
stands usually requires the felling of many 
trees, largely limiting such studies to exten- 
sive forest holdings and resulting in loss of 
the sample for further research work. Use 
of a non-destructive technique for positive 
decay determination, even if limited to the 
lower trunk of standing trees, would permit 
sampling of small forest tracts and re- 
examination of test trees at later dates. Such 
a technique would also permit i situ in- 
ternal examination of telephone poles, pil- 
ings, and other wood products, and thus 
would be of benefit to those using these 
products. 

With these advantages in mind a port- 
able “x-ray” unit activated by the isotope 
thulium’”® was tested and the findings are 
the subject of this paper. This test was part 
of an overall investigation of decay in silver 
maple (Acer saccharinum L.) stands of 
central Iowa.’ As a background for,the 
testing, increment borer cores from 845 
trees were tested for the presence of basidio- 
inycetous fungi by microbiological cultural 
nethods. Trees to be radiographed with 
the thulium x-ray unit were chosen largely 
on the basis of culture results. 


Literature Review 
X-ray photography was apparently first 
used on living trees by Maloy and Wilsey 
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Occurrence of Basidiomycetous Fungi and 
Accompanying Decay in Silver Maple of Cen- 
tral Iowa.” (In preparation) 





BY 
WALLACE E, ESLYN 


(1930) who found that the extent of decay 
and the grain pattern of small logs was 
revealed through the use of this method, 


A decade earlier Knox and Kaye (1920) 
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the Department of Botany and Plant Pathol- 
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J-3287 of the lowa Agricultural and Home 
Economics Experiment Station, Ames, lowa, 
Project No. 1251. In cooperation with the 
Iowa State Conservation Commission and the 
Institute for Atomic Research at Ames. 

Sincere appreciation is due H. S. McNabb 
Jr. of the Departments of Botany and Plant 
Pathology, and Forestry, for encouragement 
and advice during the course of this work. The 
initiation and subsequent continuance of re- 
search with the thulium x-ray unit was made 
possible through the financial aid and close 
cooperation of F. H. Spedding, and to Milo 
Voss and Gerald Daly, of the Institute for 
Atomic Research, Iowa State College. The 
cooperation of John Krajicek of the Amana 
Experimental Forest, U. S. Forest Service, and 
use of Amana Society land is gratefully 
acknowledged. The author is indebted to 
members of the Department of Botany and 
Plant Pathology and the U. S. Forest Products 
Laboratory who have read and improved the 
manuscript. 

The author is now Plant Pathologist, Rocky 
Mountain Forest and Range Exp. Sta., Forest 
Service, U. S. Dept. Agric., and is stationed 
at the Forest Disease Laboratory, Albuquerque, 


N. M. 


volume 5, number 1,1959 / 37 








had utilized x-rays in the examination of 
aircraft timber and reported that the annual 
rings in small specimens were visible, but 
that the use of x-rays was applicable only 
for the examination of finished and as- 
sembled parts and not for timbers. This 
preliminary work led to the suggestion that 
x-ray photography be applied in shade tree 
cavity studies dealing with the rate and 
extent of decay. Limited experiments 
showed that “delignification” of wood was 
visible on film prior to actual breakdown of 
cell walls (Rankin, 1931). Structural 
changes in the wood of Pius cembra and 
plum (Prunus sp.) infected by decay fungi, 
and in oak (Quercus sp.) attacked by 
Rosellinia necatrix, were revealed through 
x-ray application (Pasinetti, 1938). Arti- 
ficially infected wood blocks were found to 
offer less interference to x-ray penetration 
than sound blocks (Schulze et al., 1938). 

Use of x-rays for internal inspection of 
telephone poles revealed that rot could be 
detected primarily by the appearance of the 
growth rings on the exposed film (Zucker, 
1940. Stoker, 1948; Truman, 1952). 
When advanced decay was present the 
lines representing growth rings did not 
appear on the film, whereas in the presence 
of intermediate decay they appeared as 
“ragged, faded, or discontinuous lines.” 
Growth-ring analysis was supplemented by 
any noticeable changes in the general gray 
tone of the radiograph. Interpretation of 
density tones was complicated, and_ its 
validity correspondingly lessened by the 
irregular absorption of x-rays by rotted 
wood, caused by difference in the moisture 
content of the wood (Zucker, 1940). The 
x-ray method of examination was thought 
by some to be insufficiently developed to re- 
place the visual examination of telephone 
poles (Sidney County Council, 1951), or 
to be of any value in estimating the remain- 
ing pole life (Dana and Stingle, 1947). 
Analysis of density tones was used success- 
fully to determine experimentally the pres- 
ence of decay pockets and termite cavities 
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in piling timbers. Decay pockets caused 
dark patches which gradually merged into 
the general tone pattern of the film, while 
termite galleries were distinguished as 
sharp-bordered patches (Gregory, 1940). 
Cavities of other wood-boring insects were 
too small to be successfully detected in thick 
timbers by analysis of x-ray films (Fisher 
and Tasker, 1940). 

Equipment used in the telephone pole 
x-ray experiments included an x-ray ma- 
chine and controls, plus a gasoline genera- 
tor, all mounted on a truck. Although 
mobile, such equipment was not readily 
adaptable for use in many forested areas. 
A portable x-ray unit, utilizing thulium'”® 
as the radioactive source, was devised for 
medical and industrial use in isolated areas 
where conventional x-ray equipment would 
not be available. Successful radiographs 
of various portions of the human anatomy 
were made with the aid of this unit (Unter- 
meyer et al., 1954). A similar device, con- 
taining the same isotope, proved satisfactory 
for use in the radiography of plastics 
(Anon., 1955). 


ducted on silver maple logs, using a hand- 


Laboratory tests con- 


portable, 13-pound thulium x-ray unit 
especially designed for this work by the 
Institute for Atomic Research at Iowa State 
College, suggested the possibility of using 
such equipment in determining decay in 


living trees (McNabb et al., 1956). 
Materials and Methods 


Detailed features of the thulium x-ray unit 
have been previously described (McNabb 
et al., 1956). The way in which the unit 
was handled in the present study is illus- 
trated in Figure 1. In order to fasten the 
unit to a tree, a Support was constructed, 
the base of which consisted of two alumi- 
num bars, | in. thick, fastened together at 
the ends with a hinge. The base was at- 
tached to a tree by means of a web belt 
passed about the tree and through two 
metal loops fastened to the outer face of 
the bars. The hinge attachment between 
the bars allowed for expansion, or com- 
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pression, according to the diameter of the 
tree to which the bars were attached. To 
bring the unit above the level of the en- 
circling belt a raised Z-shaped bracket was 
secured to the base. The top plate of the 
bracket contained two rails to correspond 
with the grooves in the removable alumi- 
num seat of the unit. The seat slid forward 
upon these rails bringing the unit into con- 
tact with the tree. The flexible cassettes, 
or film holders, were wrapped about the 
tree and secured by means of two 34-inch 
web belts, one placed about the top, and 
the other about the bottom of the holder. 


FicurE 1. 


Experiments first were conducted in the 
laboratory to determine exposure require- 
ments for trees of different diameters. To 
obtain optimum test conditions, the maple 
logs used in these tests were lathe-turned 
to form cy linders of specified diameters and 
then coated with Parowax to inhibit water 
loss. The exposures arrived at through such 
testing were used as a base for construction” 
of an exposure time over diameter curve 


“Determination of initial exposures and the 
construction of this curve were done by Gerald 


Daly and Milo Voss, 





Thulium x-ray unit and film cassette mounted in place at base of silver maple—(1 ) 


Thulium x-ray unit (2) hase (3) Z-shaped bracket (4) seat of the unit (5) hase-supporting 


belt (6) film cassette (7) web belts securing film C 


assette, 
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(Fig. 2). Borings, some of which were 
filled with either rotted wood or water, 
were then made in the maple cylinders and 
the cylinders were radiographed. Exposed 
films were examined both visually and with 
the aid of a photo-electric densitometer. 
The densitometer measures photographic 
density, or the quantity of film blackening. 

Trees to be radiographed in the field 
were selected randomly from among the 
different diameter classes of “positive” 
trees; that is, trees from which decay- 
fungi had been isolated. A few “negative” 
trees were included as checks. Kodak Type 
K Safety x-ray film, in 7 x 17 in. sheets, 
mounted in non-lead-backed G.E. cassettes, 
were used in the field. All radiographs 
were taken on the tree trunk at a measured 
height of 1.5 ft. from the ground. This 
height was chosen because it seemed likely 
that most of the butt rot present in the 
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Figure 2. Exposure time curve for silver 
maple at the second half-life of thulium'™, 
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stand would be apparent at this level. In 
addition, the increment borings, made at a 
height of 1 ft., presumably would not 
affect film exposures at the 1.5-foot level 
on the bole. 

The bole of the tree was carefully ex- 
amined, prior to x-raying, to determine the 
best placement of the unit. Where possible, 
the unit was placed so as to face that por- 
tion of the bole which appeared most irregu- 
lar in shape, while the most nearly cylin- 
drical portion was reserved for the film 
holder. For instance, when an otherwise 
cylindrical tree had a flat face or involution, 
the unit was placed at that position. This 
was intended to offset any effect the irregu- 
larity might have upon the degree of ex- 
posure of the film at that point. The unit 
supporter was strapped to the tree and the 
unit installed flush to the bole. Numerals 
cut from thin lead sheets were taped to the 
tube side of each cassette as means of iden- 
tifying and orienting the film. When the 
cassette was belted to the trunk and its 
vertical sides equidistant from the aperture 
in the unit, the central markings on these 
sides were adjusted visually to the level of 
the aperture in the unit. In this way, the 
film holder should be centered directly 
opposite this aperture. On trees of small 
diameter the film holders were attached 
with their long axes parallel to those of the 
trees. The diameter of the bole at 1.5 ft. 
above the ground was measured, prior to 
mounting the unit, by means of a forester’s 
caliper. Exposure times were then deter- 
mined from the exposure-diameter curve. 

A total of 98 trees, ranging in diameter 
at 1.5 ft. from 4.5 in. to 22.5 in., were 
x-rayed, the exposures varying from 1.5 
minutes to 15 hours. “Two exposures were 
made at the same level, and approximately 
at right angles to one another, on each of 
17 of these trees. It was believed that the 
position and degree of decay could be 
accurately ascertained by subsequent tn- 
angulation plotting. Both points of ex- 
posure were marked on each tree and films 
identified separately. 
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Exposed films were developed for 3 min- 
utes in G.E. Supermix developer, given a 
short rinse in Supermix X-ray Indicating 
Shortstop, and fixed for 3 minutes in Su- 
permix fixer. Films were supported on 
standard x-ray film developing hangers and 
placed in a specially-built stainless steel rack 
equipped to handle 12 hangers of film at 
one time. Stainless steel tanks, constructed 
to hold this rack, were used as containers 
for the developer, shortstop, and _ fixer. 
After fixing, films were washed for 1 hour 
in running tap water at 68° F. and then 
hung in an x-ray film drier. 

Densitometer readings were taken along 
the central portion of the long axis of the 
radiographs at intervals of 1 cm. com- 
mencing | cm. from the left-hand margin. 
An additional reading along the center of 
the short axis of the radiographs was taken 
on those films exposed with their long 
axes parallel to the boles. 

Densitometer readings were plotted on 
ordinary graph paper and a “normal” 
curve fitted to the general trend of the 
plottings. The “normal” curve was estab- 
lished separately for each tree and was 
merely a smooth curve through the ma- 
jority of the plotted points and projected 
smoothly across areas where, because of 
decay or other factors, the points were not 
in line. Any upward deviation from the 
“normal” curve indicated greater gamma 
and x-ray penetration had reached that 
point on the film. Correspondingly, this 
indicated that rotted wood, or wood of 
lower density, was included in the bole 
area between that part of the film and the 
thulium source. Deviations falling beneath 
this “normal” curve indicated that wood of 
higher density, such as that included in 
knots, was found in the portion of the tree 
x-rayed. 

X-rayed trees were felled to obtain cross- 
sections of the portions exposed. The sec- 
tion of the log covered during exposure by 
the film holder was delimited and the de- 
cayed areas outlined. The portion of film 
presumably affected by decay was delimited, 





Ficure 3. Deeply involuted cross-section of 
Tree No, 523 exhibiting advanced heart rot 
affecting the film from a calculated position 
of 11 to 32 cm—dark and light lines radi- 
ate out from the position of unit placement 
(at bottom), the former delimiting the area 

n the opposite (top) side of the bole cov- 
ered by the film cassette; the latter lines 
delimiting the area of film presumably af- 
fected by the presence of the heart rot. 


in turn, by lines drawn from the point of 
unit placement on the bole, through the 
outer edges of the decay area, to the oppo- 
site perimeter of the bole (Fig. 3). Com- 
parisons were made of the estimates of 
decay based on radiography with the ac- 
tual extent and position of decay. 


Results 


Preparatory studies. When a radiograph of 
a homogenous, cylindrical solid is examined 
with a densitometer, and the resultant read- 
ings plotted, an even, concave curve is 
expected. This holds true if the film is 
wrapped evenly about the solid and the 
X-ray, or gamma source, is trained propor- 
tionately over the entire film surface. As 
x-ray intensity reaching the film is governed 
both by the distance between it and the 
source, varying inversely with the square 
of this distance, and the density of the inter- 
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vening specimen, it can readily be seen that 
the central portion of the film would be 
least exposed and, correspondingly, of low- 
est optical density. 

Initial laboratory experiments with the 
thulium x-ray unit yielded results of this 
nature when radiographs of lathe-turned 
silver maple logs were examined and _ re- 
corded on graphs. Curves obtained from 
plotting densitometer reading of these ra- 
diographs were symmetrical and, subse- 
quently, were termed “normal” curves. 
When holes were bored into these wooden 
cylinders and radiographs taken, the re- 
sultant density curves were not entirely 
symmetrical (Fig. 4). At the point on the 
film opposite these holes an increase in film 
density occurred, denoting a decrease in 
wood density somewhere between that 
position on the film and the radioactive 
source. Filling one of these holes with de- 
cay ed wood resulted in smaller density loss 
on the plotted curve. While the use of a 
lead-backed cassette slightly intensified de- 


fects within these logs ( Fig. 4 1 its employ- 
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Figure 4. Density patterns of laboratory films 
exposed to a 9-inch silver maple cylinder 
containing one treated and one untreated 
hole—the broken lines following the smooth 
trend of the plottings and projecting across 
the density rises caused by the presence of 
holes have been designated as “normal” 
curves in this paper. 
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ment required an increase in exposure time. 
As a result, only cassettes without lead 
backing were used in field-testing the unit. 

Visual examination of the radiographs 
proved to be of some value only in the diag- 
nosis of such artifacts as pressure and 
“crimp” marks, and high fog level. Growth 
rings were not defined and variations in 
film density were not sufficiently apparent 
to the naked eye to be used with confidence 
in determination of decay. 


Field studies. Decay was apparent visually, 
following felling and dissection, in only 
22 of the 98 trees x-rayed. An analysis of 
these radiographs is contained in Table 1. 
Intermediate decay, generally typified by 
wood appearing brash, was most prevalent 
in these cases. This stage of decay was 
accompanied by little structural breakdown 
of wood and, as a result, little indication 
of its presence was obtained. As might be 
expected, the resultant deviation in the 
density curve was slight. Evidence of such 
decay was apparent only in films exposed 
to trees of small diameter. 

Irregularities in the shape of the bole, 
such as flat faces and involutions (Fig. 3), 
were plentiful on the silver maple trees 
sampled. Involutions produced the same 
effect on film as would a cavity in the bole 
and resulted in high density deviations on 
the plotted density curve. Flattenings on 
the bole produced a corresponding flatten- 
ing of the density curve. Close correlation 
was obtained in 59 out of 73. positional 
comparisons made between external irreg- 
ularities on the bole, and film density 
changes. Detection of intermediate decay 
“normal” 
curve, was not possible when these irregu- 
larities affected the same portion of the 
film. Twelve films were uniform in den- 


by comparison with the trend, or 


sity, correctly indicating sound, symmetrical 
boles. 

While advanced decay usually was dis- 
cernible on exposed film, the detection of 
its presence also was made difficult by the 
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proximity of external irregularities. Despite 
this complicating factor the density curve 
of Tree 523 (Figs. 3 and 5) provided an 
example of decay and density correlation 
(Table 1) through use of the “normal” 
curve. Advanced decay was present within 
the heartwood of this section affecting film 
density in the horizontal position range of 
16 to 32 cm. 


Externally, the bole was 
markedly involuted and determination of 
film placement was a problem. The film 


sultant 


curve 


sitions 16 to SZ 


finally was placed against the least disfig- 
ured portion of the bole where these irregu- 
larities would least affect a radiograph of 
the central portion of the tree. The re- 


indicated a_ configuration 


similar to the actual shape of the perimeter 
of the bole at the position of attachment 
of the film. The presence of rot, although 
not exactly defined, was indicated by the 
continual density change existing from po- 


32 cm. on the density curve. 


TABLE 1. Analysis of radiographs of trees containing internal defects. 


103 


106 


108 


111! 


135 


141 


141-12 


Diameter 


Tree at 1.5 ft 
328 16.4 
301 75 
81 6. 
170 14.0 
126 6.3 
50 10.0 
125 13.8 
6 11.2 
259 11.2 
259 10.5 
269 6.7 
231 16.5 
481 15.7 
713 14.5 
460 12.5 
378 5.0 
380 9.0 
414 5.5 
442 $.7 
$23 22.5 
706 8.2 
480 ae 
480 7.0 


Film placed with lon 
“Second exposure 





8 


(taken at approximately 


Actual position 
of high density 
area(s) on film 





Exposure (cm. from left 
( min.) of film) 
125 20-25 
8 7.$-9.5 

10-12.5 
7.5 8-10 
4 11-17 
80 9.24, 
26-32 
4.5 10-15.5 
20 13-24 
65 15-25 
29 21-33 
30 10-20, 
22-31 
25 24-34 
5 18-25.5, 
26-31 
168 20-35 
120 19-34 
90 8-19 
26-41 
$5 18-26 
2.5 Sr ~ 
curve 
15 20-31 
3.5 23-25 
3.5 4-10 
900 16-31. 
9.5 16-28 
9 21-23.5 
25-30 
6 
axis vertical on tree. 


90° 





Assumed position of 
high density area(s) or 
film, determined by 
defect position in 
x-rayed section (cm 
from left of film) 


19-23 intermediate 
5-10, 13-17 flat faces, 
4-14 inc. decay 
7.5-11.5 intermediate 
lecay 

14-17 hole (2 ir 
es 3.5 

6-24 
sligh 
23-33 


6-15 


decay 


adv. de 


flattening, 
involution 
intermediate 
lecay (2 in. dia.) 
10-20 sapwood 
10-22 flat 


16-18.5 


12-24 


cay, 


decay, 
face 
decay (0.5 in.) 


22.29 + Smee 
23-32 decaved knot 


25-34 flat face, 
21-25 


intermediate 


lecay (1 in. x 1 in.) 


14-21, 21-32 (slight 
involutions ) 
6-10, 20-32 slight 


involutions 

19-25 intermediate 
lecay (1.5 in.), 
26-31 involutior 
24-42 decay 

20-35 slight 
flattening 

0-26 flat face, 
udvanced decay 
x 3 in.), 27-42 involution 
21-33 bore hole 


width) 


26-42 
(4.5 in 


(% in. 
None 


-30 advanced decay 
3 
23 decay (%4 in.) 


-17 intermediate decay 
-"0 flat face 
1-32 adv 


, 


—+ et 


decay and 
jeep marginal 
(see Fig. 5) 


involutions 


10-35 hollow & adv. rot 
21-23 decay (% in.) 
20-24 slight involution 
14-18 slight involution, 


21-24 decav 


about tree trunk from first exposur 


Remarks 
Density loss slight; uncertain results 
Heartwood presumably contains incipient de- 


cay not indicated on film 

Intermediate decay apparently indicated 

Steep rise in right hand side of curve indi- 
cates high density loss 

Good rseults; bole decay indicated by film 
reading 

Good result for intermediate decay 

Density decrease due to flat face overshadows 
decay 

Decay indicated although not in entirety 


Register of involution and decay on same por- 





tion of bole prevents determination of the 
latter 

One inch intermediate decay at bole center 
overshadowed 

One inch intermediate decay at bole center 
wershadowed 

Good results; presence of brashy decay at 
center is indicated on curve. 


Decay apparently indicated at its greatest 
depth 
Three-quarter inch intermediate decay ob- 


scured by external irregularity 

Good correlation with external irregularities 
though poor definition of decay due to indi- 
cation on same film area as involution 
Increment-borer hole at 22 cm. points directly 
at unit position, 

Sapwood 


decay around entire periphery of log 


not indicated due to its uniformity 

“Wer” decay indicated by slight loss on curve 
Slight decay apparently indicated in part 
Decay and flat face affects same area; inter- 
pretation uncertain 

Presence of decay indicated by degree and 
continuity of density loss 

Decay well indicated 

Intermediate decay in heart center and invo- 
lution affect same part of curve 

Decay and involution indicated; loss from 26- 


31 cm. 


43 
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‘The strongest indication of decay was 
recorded for Tree 706. The density curve 
in this case contained a deviation in density 
of 100 units above “normal” as well as 
lesser density increases in the area corre- 
sponding to 7 to 34 cm. on the radiograph 
(Fig. 6). When cut at the level of ex- 
posure, a major portion of the cross-sec- 
tional area of the tree was found to be in a 
state of advanced decay. ‘The analysis cor- 
rectly indicated the presence of decay ; how- 
ever, the density increase, while stronger 
than that resulting from lesser decay, was 
not indicative of the extensive decay pres- 
ent. This was due apparently to the diffi- 
culty encountered in correctly estimating 
the position of the “normal” curve with 
only a minor portion of sound wood pres- 
ent. This points out the need for a more 
mechanical means of determining the posi- 
tion of this curve. 

Unit placement, in relation to internal 
position of decay, was of importance in the 
determination of decay in trees. In one 
case, the x-rayed section contained a hole 
1.5 inch in diameter. The unit had been 
placed in such a manner that when the film 
cassette was directly opposite, the hole af- 
fected only one end of the film. This por- 
tion of the film showed a rapid, or steep, 
rise in density as contrasted to the unaf- 
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Figure 5. Density pattern of Film 129 (Tree 
No. 523). 
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fected part of the film. Here then, decay 
was indicated through a steep rise in density 
on one side of the curve. 

A few instances were noted in which 
sizable areas of advanced decay were pres- 
ent within the section x-rayed yet in which 
the density change indicated was rather 
small. This might be attributed to the in- 
crease in water absorption often found as- 
sociated with wood decay. This was sup- 
ported by the observation of Zucker (1940) 
that the analysis of density differences was 
complicated by the greater absorption of 
x-rays by “wet” rots than by “dry” ones. 
These small density deviations and their 
gradual manner of occurrence made diffi- 
cult the projecting of the “normal” curve 
and subsequent decay diagnosis. 

The x-ray films, which had their long 
axes placed vertically when exposed, were 
read densitometrically across the mid-sec- 
tion of both axes. Lengthwise examina- 
tion was conducted to determine the pos- 
sibility of a longitudinal x-ray inspection of 
trees. Longitudinal cross-sections of these 
exposed trees, however, were not obtained 
for correlation. The curves were inverted 
similarities of those obtained when film was 
wrapped lengthwise about the bole; differ- 
ing only at the ends of the curves which 
tended to level and then rise. 
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Ficure 6. Density pattern of Film 135 (Tree 
No. 706). 
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Seven films were discarded due to 
either “swirl” marks, resulting from poor 
processing, or to pressure marks. ‘The 
latter, which appeared on film as dark, 
irregular marks, were presumably due to 
handling while the emulsion was soft. Sof- 
tening of the emulsion, occurring when the 
film temperature was raised, would prob- 
ably have come about under field condi- 
tions. This difficulty may be partially 
averted by transporting the film in a 
portable ice cooler during warm weather. 

The films used in this study were all 
obtained during August 1955. They were 
stored continuously at 43° F., except for 
their period of use in the field. The film 
expiration date was December 1956; how- 
ever, by October 1956 fog level had risen 
to a point where unexposed check films 
were uncommonly high in density. Films 
of approximately the same age were stored 
at the Atomic Research Building contin- 
uously in a regular refrigerator. Checks 
were run on these and high fog levels were 
obtained also, although they were not as 
high as those encountered on previously 
tested film. As a result of this high fog 
level, x-rays taken during the latter part of 
the study were consistently high in den- 
sity. ‘This made necessary the use of the 
internal scale on the densitometer to obtain 
film density readings. This scale is coarser 
than the external one and the readings 
probably were less accurate. The lack of 
homogeneity of the check films, presumably 
resulting from the high fog level, may*have 
also affected the accuracy of these readings. 


Discussion and Conclusions 


The thulium x-ray unit was successfully 
used to indicate the presence of cavities and 
advanced decay in trees up to 22 in. in 
diameter. When the bole of the tree was 
cylindrical lesser defects were discerned. 
Any irregularity of the bole, such as in- 
volutions and flat faces, were indicated by 
high density areas on the film. Decayed 
areas, if present in the vicinity of such 
irregularities, usually were masked by the 


latter defect. 

Determination of vertical penetration of 
defects by placement of the long axis of the 
film vertically on the tree appeared possi- 
ble although longitudinal 


checks of such exposures were not obtained. 


cross-section 


Defect position and cross-sectional area, at 
the point of exposure, could be ascertained 
only by taking two exposures at the same 
level, and at approximately right angles to 
one another, on an individual tree. One 
exposure per tree allowed for an approxi- 
mation of defect width, but not depth if 
the defect was assumed to be centrally 
located. 

The diagnostic value of visual examina- 
tion of radiographs was severely limited by 
the mechanics of the thulium x-ray unit 
set-up. Definition in a radiograph increases 
with decrease in focal spot of the radio- 
active source and with maximum source- 
film distance. The thulium source was not 
focalized to produce a narrow beam of 
rays and the source-film distance was held 
to a minimum; i.e., the source was placed 
directly against that portion of the trunk to 
be radiographed. Any increase in this dis- 
tance would have necessitated a correspond- 
ing increase in exposure time. The tech- 
nique used in lieu of visual examination 
embodied the quantitative measurement of 
film exposure by means of a densitometer 
and contained a number of advantages. 

One advantage is that only one expo- 
sure, timed to permit ray penetration 
through the center, was necessary per tree 
to establish a cross-sectional density curve 
by this method. However, to obtain defi- 
nition throughout the cross-section of a pole 
for visual examination, it was necessary to 
build up the outer edges of the pole to the 
same density as its center (Zucker 1940). 
In addition the support used to fasten the 
thulium unit to a tree was compact and 
light-weight as opposed to the lengthy 
“caliper X-ray stand” (Zucker, 1940) 
required when the source-film distance was 
increased. Also densitometric measure- 
ment of film densities was less dependent 
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upon human judgment and, therefore, 
more objective in nature than that requir- 
ing visual examination. 

The unit and necessary accessories were 
fairly light in weight, reasonably compact, 
and required neither a heavy power source 
nor electronic equipment for operation, 
This enabled the unit to be hand-transport- 
ed and operated by a single worker in 
rough forested areas. Possible application 
of the unit for defect determination in 
telephone poles, as well as for heart rot 
research on living trees, exists. 

The application of the “normal” curve, 
derived from the smooth trend of plotted 
density values in the respective trees, de- 
termined the presence and relative position 
of decayed areas. This applied when the 
bole was free of external defects in the area 
x-rayed. Intermediate decay and advanced 
decay saturated with water were difficult 
to determine. As an aid in more accurately 
defining the “normal” curve for a standing 
tree the following procedure is thought 
feasible: Press a malleable wire against the 
portion of tree trunk covered by film; this 
curvature outline of the wire to be care- 
fully transferred to heavy paper and _ its 
center accurately marked. Measure by cal- 
iper from the bole position at which the 
center of the film rested, to the point on 
the opposite side against which the x-ray 
source was situated. The distance of the 
source to any point on the film then could 
be easily determined. These data, together 
with a density-diameter graph previously 
plotted from readings obtained by exposure 
of variously sized, sound diameters, could 
be used then to plot the actual density curve 
for a tree with that particular bole outline. 
The “normal” curve, in this case, would 
not be a smooth one if the bole is irregular 
in shape. To correct for darkening of the 
film due to “aging,” a check, or unex- 
posed, film would have to be developed 
with each group of exposed films. 

Wood density deviations among sound 
individual trees of a species would possibly 
result in curves which would not exactly 
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fit the curve as calculated for normal boles 
of that size. However, it is expected that 
the resultant curve would follow the trend 
of the “normal” curve closely enough for 
correct determination of bole soundness. 
Wood density may fluctuate among growth 
rings of an individual tree as greatly as it 
does among individual trees, apparently 
without adversely affecting diagnosis of 
the exposed film. This may be due to an 
“averaging-out” of these wood density dif- 
ferences as the rays cross a number of 
different growth rings in their path 
through the tree. 

The thulium x-ray unit has been tested 
only on silver maple. It may be expected 
that new problems will appear when other 
species are tested. In the case of conifers, 
differences in heartwood and sapwood 
moisture contents will likely affect density 
patterns. The moisture content of the sap- 
wood of most conifers exceeds that of the 
heartwood to a much greater degree than 
does that of the majority of hardwoods. 
Silver maple, a hardwood second only to 
basswood in magnitude of sapwood-heart- 
wood moisture ratio, has an average mois- 
ture content in the former of 97 percent 
and in the latter of 58 percent (U.S. For- 
est Products Laboratory, Wood Handbook 
72, Table 40). This is in contrast with 
the average sapwood-heartwood moisture 
contents of red pine (Pinus resinosa Ait.) 
which are, respectively, 134 percent and 
32 percent, not an exceptionally high ratio 
of this sort for conifers. The effect of mois- 
ture content of the sapwood of silver maple 
may have been offset, to some extent, by 
the greater specific gravity of the heart- 
wood; in a number of the conifers, how- 
ever, it is expected that high sapwood mois- 
ture contents will cause increases in x-ray 
absorption in this area, 

Future forest pathology research with 
the thulium x-ray unit might profitably be 
directed toward the perfection of tech- 
niques to allow for more accurate detection 
of lesser internal defects and those compli- 
cated by external bole iregularities. This 


— 


could be accomplished, to a great degree, 
by application of more accurate methods of 
plotting the “normal” curve. The effect 
of varying moisture and density conditions 
within individuals, and among individuals 
of the same species, would need investiga- 
tion if the “normal” curve were to be per- 
fected for different species. 
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A Technique for Fixing and Staining Mitotic Chromosomes in Aspen 


By J. P. van Buijtenen, Forest Geneticist, 
Wisconsin 


Quite satisfactory slides of mitotic chromo- 
somes in quaking aspen (Populus tremuloides 
Michx.) can be obtained by staining cross- 
sections of root-tips with iron hematoxylin. 
This technique is, however, rather time con- 
suming because of the embedding and section- 
ing procedure, and limited in application be- 
cause of difficulties in obtaining root-tips of 
some types of material. 

The following technique! is an adaptation 
of La Cour’s? acetic-orcein method for use 
with aceto-carmine. It has been successful for 
routine determination of the approximate 
chromosome number for the purpose of distin- 
guishing triploid from diploid aspen. 

As material, expanding buds or young 
leaves are adequate and give abundant divi- 
sions. The condition of the material is most 
favorable, when the leaves become first visible 
through the bud scales, 

Fixation and staining is obtained as follows: 


1. Collect the leaves or buds and keep them 
for three to four hours in a saturated aqueous 
solution of para-dichlorobenzene at 37° F. 
Buds should be opened up to allow the solu- 
tion to penetrate. This step helps to separate 





1The method was developed under Project 1800, 
Lake States Aspen Genetics and Tree Improvement 
Project. 


“La Cour, L. Acetic-orcein: A new stain fixative 
for chromosomes. Stain Techn. 16: 169-174, 1941, 
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The Institute of Paper Chemistry, Appleton, 


and shorten the chromosomes, allowing more 
accurate counts. 

2. Treat the leaves overnight with a solu- 
tion of 5 percent ferric chloride in 70 percent 
absolute alcohol and 25 percent acetic acid. 
This step mordants the chromosomes and in- 
sures better staining. 

3. Transfer the material to a mixture of 
85 percent absolute alcohol and 15 percent 
acetic acid. It is to be kept in this solution at 
least 24 hours to remove the excess ferric 
chloride from the cytoplasm. If stored in this 
solution at approximately 37° F., the mate- 
rial will keep between 6 months and a year. 

4. Stain the material by heating the leaves 
or buds for 10 minutes at 60° C. (140° F.) 
in the staining solution. If a water bath is 
used, a great number of samples can be han- 
dled simultaneously, 

One hundred milliliters of staining solution 
contains 2 g. carmine, 45 ml. glacial acetic 
acid, 1 ml. concentrated hydrochloric acid and 
is made to volume with water. In order to get 
all the carmine in solution, it should be heated 
with the concentrated hydrochloric and glacial 
acetic acid until dissolved and subsequently 
diluted with the proper amount of water. 

This procedure gives the chromosomes a 
satisfactory stain and partially macerates the 
leaves, so a small piece can easily be mashed 
and smeared in a drop of 45 percent acetic 
acid, 
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The Relation of Cubic-Foot Volume Growth 
70 Stand Density in Young Slash Pine Stands 


‘THE DENSE EVEN-AGED STANDS of slash 
pine which develop on some areas in the 
absence of fire following logging operations 
in the flatwoods of Florida and Georgia 
were a challenge to the early foresters in 
that region. The regeneration was already 
established, the quality of the site was pre- 
ordained, and the amount of rainfall re- 
ceived was beyond human control. The 
only means available to the forest manager 
for affecting the future development and 
productivity of these forest stands were (a) 
protection and (b) controlling stocking or 
density through some degree of cutting or 
thinning. 

These conditions resulted in the estab- 
lishment of many thinning studies in young 
slash pine by Forest Service research per- 
sonnel. Some of these studies have 
been in existence since the early 1930s, 
having been established by V. L. Harper, 
J. G. Osborne, H. Bull, J. L. Averill, 
P. O. Rudolf, R. R. Wilson, and others. 

Seven of these studies have been care- 
fully reviewed and the basic data consoli- 
dated and analyzed to determine the rela- 
tion of growth to stand density in young 
slash pine stands. The results of this analy- 
sis show that the relationship is a real one 
and that it is further modified by site qual- 
ity and stand age. 


Sources of Data 


The original field installations involved in 
these studies embraced a total of 79 plots 


BY 
G. F. GRUSCHOW 
T. C. EVANS 


in northeastern Florida and southeastern 
Georgia. Plots varied in size from 0.3 acre 
to 0.05 acre, the majority (66) being 0.1 
acre. The stands sampled ranged from 9 
years in age to 25 years (2 plots), but most 
of them were in the 9-year and 11-year 
age classes at the outset. The original den- 
sity in the younger age classes ranged from 
760 to 54,600 trees per acre, with average 
diameters from 1.1 to 3.5 inches. 

The various thinning prescriptions test- 
ed upon these plots were: 
Control (no thinning) 
Thin to an average of 200 trees per acre 
Thin to an average of 300 trees per acre 
Thin to an average of 400 trees per acre 
Thin to an average of 500 trees per acre 
6. Thin to an average of 700 trees per acre 
“Light thinning” (600 to 1600 trees per 
acre left) 

8. “Medium thinning” (300 to 500 trees 

per acre left) 
9. Thin lightly from above (in 25-year- 
old stand) 

Since all plots except the controls were 

thinned it may be assumed that better than 


Wik why 


average trees were left to grow in all treat- 
ed plots. Of the original plots, five were 
destroyed by an unusually high wind soon 
after establishment. One study with 40 
sub-plots was subjected to unauthorized 
turpentining and cutting before a sched- 


The authors are foresters, Southeastern For- 
est Experiment Station, Forest Service, U. S. 
Department of Agriculture. 
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uled remeasurement. Nevertheless, data 
covering about 10 years of response in two 
or more consecutive growth periods can be 
extracted from most of the plot records 
and reports. 

The field data from these plots have 
been summarized in a separate file report 
which is available upon request to the 
Southeastern Forest Experiment. Station. 
No attempt is made here to evaluate the 
various prescriptions for thinning under 
which the plots were installed. This has 
already been done in various office reports 
and published papers. Valid data available 
from these plots have been grouped in an 
effort to determine the effect of different 
degrees of stocking of young slash pine 
upon the rate of volume growth per acre 
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Figure 1. Basal area per acre in percent of 
full stocking for slash pine trees 2 inches 
d.b.h. and larger (from Stahelin). 
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and the rate of diameter increase in indi- 
vidual trees. 


Selecting a Stand Density Measure 


It was necessary at the outset to select a 
measure of stand density which could be 
used both in the analysis of the data and in 
the application of any results to manage- 
ment practices. Several measures of stand 
density were tried. “Those measures of 
stocking which included a consideration of 
height’ were eliminated because of the 
scarcity of height measurements in the data. 
Basal area alone is cumbersome as a den- 
sity standard because basal area at theoreti- 
cal full stocking varies widely with site 
and age. 

A measure of theoretical full stocking for 
slash pine has been devised” which uses as 
a standard the basal area of a fully stocked 
stand at a given average diameter based on 
the yield tables for second-growth southern 
Stahelin states: “For loblolly and 
slash pine the relationship of total basal area 


pines. 


per acre to d.b.h. of the tree of average 
basal area varies but little with site and 
age.” This measure of stocking thus pro- 
vides a common base for the comparison of 
residual stands of varying diameters grow- 
ing on various sites. Figure 1 shows Stahe- 
lin’s 100-percent stocking curve for various 
average diameters of slash pine above 1% 
inches d.b.h. 


Procedure 
The percent of theoretical full stocking as 
proposed by Stahelin was computed for each 
remeasurement of every plot or group of 
plots where the average diameter was in 
the 2-inch class or larger. Stand density 
ranged from 7 to 130 percent of theoreti- 
cal full stocking on the plots. 

1Wilson, F. G. 1946. Numerical expres- 
sion of stocking in terms of height. J. For. 
44: 758-761. 

*Stahelin, R. 


1949. Thinning even-aged 


loblolly and slash pine stands to specified den- 
sities. J. For, 47: 538-540. 
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Site index evaluations were not made in 
the field at the time these plots were in- 
stalled, so it was necessary to compute the 
site index from the indicated height and 
age of the 100 largest trees per acre as 
The site in- 
dex thus computed for the various plots 
ranged from 52 to 104. 

The basic data were examined for suit- 
able plots to use for a calculation of the 
relation of periodic annual volume growth 


given in the plot summaries. 


to the percent stocking. Several plots had 
to be discarded; some had initial average 
diameters under 2 inches, which precluded 
a valid percent stocking determination. 
Sixty-seven calculations of periodic annual 
growth were made for intervals of 3 to 7 
years representing one to several remeasure- 
ment periods for plots thinned once or not 
at all. The distribution of these observa- 
tions according to age, stand density, and 
site index is shown in Table 1. 

Separate computations of growth by in- 
dividual periods of different length showed 
no consistent deviation from the general 
trend; hence all of the data were used to 


strengthen the estimate. On the thinned 


TABLE 1. 
Density Site index for 
(percent of 10-year age class 
theoretical 
full 70 80 90 100 
“e 


‘ . 
stocking) 


10 3 7 1 
20 2 3 3 
30) 1 l 6 
4() l 2 
50 2 
60 l 
() 
si I 
90) 
130 
LV | 2 6 19 7 


Number of of 


plots the first growth period immediately 
followed a release from competition, while 
for the later periods the percent stocking 
attained since thinning was used as a basis 
for the growth comparison. The compara- 
bility of these two periods of annual growth 
was tested by plotting. The intermingling 
of the plotted points indicated that the peri- 
odic annual growth data were acceptable 
for the calculation whether a release cut- 
ting preceded the growth period or not. 
The relatively young stands with high 
crown-length ratios showed no apparent 
reaction to the release per se, but merely 
made use of the additional growing space 
in a predictable manner. 


Results 


Cubic volume growth. Regression analyses 
disclosed that periodic annual cubic volume 
growth of young slash pine is significantly 
associated with age and residual density of 
the stand and the site upon which it grows. 
Since the primary interest in the study was 
to examine the effect of density upon vol- 
ume growth, the effect of age and site were 
first removed by fitting the regression equa- 


Number of growth observations by age class, site, and density. 
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tion: 
Volume growth = a + b (age) + c (site) 
+ d (age X site) 

Residuals from this equation when plotted 
over initial stand density (Fig. 2) suggest- 
ed that cubic volume growth is a curvilinear 
function of stand density. Among the 
transformations for curvilinearity (recipro- 
cal, logarithm, parabola, and several em- 
pirical functions) a second degree poly- 
nomial afforded the best fit, particularly in 
the range of densities 80 and below. In 
the high densities, when data are scarce and 
therefore unreliable, the second degree 
curve exhibited a sharp and perhaps unreal- 
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istic point of inflection. Readers are warned, 
therefore, against using the curves in Fig- 
ures 3 and 4 beyond the plotted limits. 

Preliminary plottings also suggested that 
interactions of density with age and site 
index were present. The final equation, 
therefore, examined the linear effects of 
age, site, and density, the quadratic term 
in density and all of the first order cross- 
products. Dropping the nonsignificant vari- 
able, the final equation was: 

PAG = 0.5893(S) — 0.03283(D?) 

+ 0.05064(DS) + 0.000340(AD*) 

— 3.085 


FITTED 
PARABOLA 
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Residuals from regression of volume growth on age, site, age x site, showing relation- 
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where PAG = Periodic annual growth of 
trees 3.5 inches d.b.h. and 
over in cubic feet per acre, 

for a period averaging 5 

years. 
= Percent of theoretical full 
stocking 
Age of the stand in years 
Site index of the stand. 

The equation accounts for 89 percent of 
the variation in growth, and has a stand- 
ard error of 23.5 cubic feet. 

Curves have been drawn showing the 
relationship for 10-year-old stands (Fig. 
3) and for 20-year-old stands (Fig. 4). 
Applying this formula to age classes above 
20 years is not advisable because of the 
lack of basic data in older stands. The ef- 
fect of density, age, and site upon the vol- 
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ume growth of young slash pine as shown 
by these regressions is a valid relationship. 
Still, the absolute quantitative values of vol- 
ume growth in these data are on the liberal 
side because the original data included all 
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Figure 3. Relation of periodic annual cubic- 
foot volume growth per acre to stand den- 
sity and site quality in 10-year-old slash 
pine. Growth period was 3 to7 years. 
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Figure 4. Relation of periodic annual cubic- 
foot volume growth per acre to stand den- 
sity and site quality in 20-year-old slash- 
pine. Growth period was 3 to7 years. 


trees over 3.5 inches d.b.h., which is small- 
er than is now considered for commercial 
volume. Also, in young stands such as 
these, the rate of volume increase is in- 
fluenced by the growth of small trees into 
measurement size. Trees below 3.5 inches 
d.b.h. at the time of plot establishment were 
not included in the growth computations. 


Diameter growth. The rate of diameter 
growth of young slash pine is also related 
to stand density, site, and age. An analy- 
sis showed these factors to have a highly 
significant effect upon the annual diameter 
growth of the 100 largest trees per acre. 
This arbitrary figure, which represents the 
probable crop trees, was chosen to obtain 
a comparable estimate of diameter growth 
in stands of widely different densiiies, and 
one that is not affected by ingrowth. 

The following regression equation, show- 
ing the relationship of diameter growth of 
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Ficure 5. growth 
of 100 largest trees per acre in 20-year-old 
slash pine stands for different densities and 


sites. Inset shows 


Average annual diameter 


relation of diameter 
growth to stand density for average age 
(14.4 years) and average site (86) and the 
distribution of the individual plot means. 


trees to density, site, and age, accounts for 
75 percent of the variation, and has a 
standard error of .074: 

Y = .4504 — .01117A — .00310D 
+ .0040448 + .000027AD 
where Y = Logarithm of 10 times the av- 

erage annual diameter growth 
of the 100 largest trees per 
acre 

D = Percent of theoretical full 
stocking 


A Age of stand in years 

S = Site index of stand. 

Curves expressing this relationship for 20- 
year-old slash pine on these different sites 
are shown in Figure 5. Diameter growth 
continued to increase with decreasing stand 
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density, even down to a stocking of 10 per- 
cent. Again caution should be exercised in 
using the formula to extend these relation- 
ships beyond the range of the data sampled 
in this study. 


Crown development. An attempt was made 
to evaluate the effect of stocking or spacing 
upon crown development. The rate of 
crown width expansion was examined, but 
the only available data covered an inter- 
val of 11 years, and in that time crown 
closure had already taken place in all but 
the most open stands, 

There was a slight correlation between 
density of stocking and change in crown- 
length ratio* of dominants over an 11-year 
period, but a much stronger correlation was 
found between the original crown-length 
ratio and the amount of change, as indi- 
cated in Table 2. Only three plots showed 
an increase in crown-length ratio. These 
were in stands with small average diameter 
which had an original density of over 45,- 
000 trees per acre and an average crown- 
length ratio of 35 percent before thinning. 
All other plots show a decrease in crown- 
length ratio regardless of the space pro- 
vided the trees by thinning. 

The crown-length ratio of dominant trees 
at each period of measurement was related 
to the stand density at the same time when- 
ever these measurements were available. 
Forty-nine valid plotting points were ob- 
tained from the data. A regression analy- 
sis of the relationship based upon the crown- 
length ratio yields the equation: 

Log. Density = 

2.6377 — .02542 (crown-length ratio). 
This relationship is illustrated in Figure 6. 

Examination of the original data re- 
vealed that crown-length ratios in the 
neighborhood of 30 percent are associated 
with densities which produced the greatest 
periodic growth for both the 10- and 20- 
year-old stands. 


3Crown-length ratio—the percentage of the 
total height of the tree which is occupied by 
the living crown. 
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TABLE 2. 


crown-length ratio for young slash pine. 


Me an 


original 


Crown Number 


ratio of crown-length 
class plots ratio 
60 + 1 62 
50-39 7 56 
40-49 11 45 
30-39 4 34 


Density increased with time in all of the 
stands which were under 100 percent the- 
oretical full stocking. The rate of increase 
was low in the lightly and heavily stocked 
stands and tended to be greatest in the 
middle densities (around 40-50 percent). 
The annual increase in density of a stand 
in the middle densities on an average site 
amounted to nearly + percentage units. 


Conclusions 


Many useful management inferences may 
be drawn from the analyses presented here. 
Of primary importance is the three-way 
relationship between growth per acre, stand 
density, and site quality. It suggests that 
maximum measurable growth per acre is 
realized at something less than full stock- 
ing, particularly on the lower sites. This 
adds support to the thesis that, given time 
to readjust and occupy growing space, a 
stand of young trees will produce about the 
same volume growth over a fairly wide 
range of stocking. The rate of change of 
stand density appears to maximize near 4() 
percent density. In the middle densities on 
average sites, the change in percent density 
amounts to nearly 4+ percentage units an- 
nually or 15 to 20 percentage units in a 
5-year period. 

A somewhat lower stand density than 
that producing maximum cubic-foot growth 
per acre would probably favor maximum 
value production by reducing the time re- 
quired to produce trees and products of 


Change in crown-length ratio in 11 years as affected by original 


Mean 


crown-length Change in 


ratio at end crown-length 


ot period ratio 
30 — 32 
33 — 23 
31 - 14 
36 + 2 


larger size. ‘These relationships of cubic 
foot volume growth to stand density are 
applicable to stands of slash pine up to 20 
years old. More data are needed on the 
relation of stocking in older stands to cubic 
volume production, to the weight of wood 
produced per acre, and to the value of 
products grown. A comprehensive study 
to obtain this information is now being 
started by the Southeastern Forest Experi- 
ment Station and its cooperators in the 
slash pine region of Florida and southern 


Georgia. 
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Figure 6. Relation of stand density to crown 


ratio at end of growth periods. 
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Seasonal Variations in Sugars of Conifers with 


Some Observations on Cold Resistance 


FoR MANY YEARS attempts have been 
made to relate sugar changes in plants to 
seasonal fluctuations in hardiness. Al- 
though an increase in sugars has often 
been related to increases in hardiness in 
various kinds of plants, changes in such 
sugars as sucrose and glucose have never 
been very well related to the main hardi- 
ness changes in woody plants. However, 
it has been found that one sugar, believed 
to be raffinose, undergoes profound sea- 
sonal changes and this seemed to be re- 
lated to changes in hardiness (Parker, 
1957). 

The crude analytical methods used in 
most botanical studies on sugars probably 
explain why this sugar fluctuation was 
not previously known. One method com- 
monly used was to determine total reduc- 
ing sugars by colorimetric reduction, then 
to hydrolyze another extract, and again 
determine total reducing sugar. Natural 
coloring matter in the plant material often 
interfered with the readings and clarifica- 
tion of the extracts by various means in- 
volved other errors. Sugar hydrolysis was 
often carried out with yeast invertase which 
is now known to attack certain trisac- 
charides and yet fails to attack others 
(French et al., 1953). If the invertase- 
catalyzed reaction does not go to com- 
pletion, certain other trisaccharides may be 
produced (Albon et al., 1953). If acid 
hydrolysis is used, the resulting monosac- 
charides may themselves be degraded. All 
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these various difficulties can largely be 
avoided by the use of paper chromatog- 
raphy, a method utilized in the present 
work, 

Since the raffinose variations were 
known to take place in only two species 
of western conifers (Parker, 1957) and 
possibly in sugar beets (DeWhalley and 
Gross, 1954}, the main part of this work 
was undertaken in order to find out how 
widespread the phenomenon was in var- 
ious species of trees, especially conifers. 
The following report describes the results 
of determinations of the various sugars in 
(1) leaves and bark of six different conif- 
erous species at different times of the year, 
(2) various parts of an eastern white pine 
(Pinus strobus L.) tree at different times 
of the year, and (3) in white pine and 
longleaf pine (P. palustris Mill.) seed- 
lings in different seasons when grown in 
the greenhouse and out-of-doors. It also 
reports on low temperature resistance as 
determined for some of these conifers in 
the cold and warm seasons. 


Methods and Materials 


Comparison of sugars in trees of different 
species. The conifer trees selected for this 
phase of the study were all 35 to 55 ft. tall 
growing along the edge of an open field 


The author is Assistant Professor of Plant 
Physiology, Yale School of Forestry, New 
Haven, Conn. This work was partly conducted 
in the Dept. of Botany, Yale University. 
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near Valhalla, New York. The species 
sampled included eastern white pine, east- 
ern hemlock (Tsuga canadensis (L.) 
Carr.), Norway spruce (Picea Abies (L.) 
Karst.), blue spruce (Picea pungens 
Engelm.), Austrian pine (Pinus nigra 
Arn.) and western redcedar (Thuja 
plicata Don.). Samples were taken in June, 
September, October, and December of 
1957. Leaves were sampled by first re- 
moving a branch about 6 ft. long with a 
saw at about 9 A. M. After the branch 
was carried to the laboratory (requiring 
10 minutes) leaves were plucked off and 
weighed for extraction. Only one sample 
was made per tree for any one season and 
the same tree was always sampled in suc- 
cessive seasons, Samples of conifer bark 
were taken from these same branches near 
the base. Pieces of bark 18 cm. long were 
shaved off, cut into squares about 1 cm. 
on a side and extracted as described below. 
Both inner and outer bark ie., material 
from the cambium outwards, was included 
in the sample. 

Leaves of a number of broad-leaved 
trees and shrubs including species of 
Quercus, Carya, Fraxinus, Cornus, Ailan- 
thus, Robinia, Betula, Rhododendron, and 
Kalmia were also analyzed for sugars in 
June, August, and October, but the results 
will be mentioned only briefly later on. 


Comparison of different parts of a white 
pine. A single mature white pine tree 55 
ft. tall was selected for a seasonal study of 
sugars in branches and roots. Branch bark 
was sampled as described above. Branch 
wood was sampled from the same branch 
near the base by sawing off 2 cm. lengths 
and splitting into small chips with a knife. 
Root bark was sampled from roots about 
2 cm. in diameter dug from a depth of 
about 1 ft. Pieces of root about 25 cm. 
long were brought into the laboratory in a 
glass jar and the bark shaved off down to 
the wood. The remaining wood inside the 
bark was then also cut into shavings with a 





knife and extracted as described below. 
Starch was also determined in the various 
parts of this tree from leaves to roots by 
the method described below. 


Comparison of white pine and longleaf 
pine seedlings. Longleaf pine was used as 
the representative of a warm climate since 
this species reaches its best development in 
the deep South and cannot survive very 
rigorous winters in the northern states 
(Parker, 1955a). The longleaf pine seed 
came from Lake City, Florida; the white 
pine came from Pennsylvania, probably as 
one-year-old stock. When both species 
were about two years old on June 27, 
1957, 10 seedlings of longleaf pine and 10 
of white pine were each separated into two 
groups of five seedlings. One group of five 
for each species was placed in an open field 
and the other group of five kept in the 
greenhouse. The temperature in the green- 
house was maintained between 60° F. at 
night and about 80° during the day. Tem- 
peratures never fell below 55°, a minimum 
recorded Feb. 6. All 20 seedlings were 
kept in clay pots but field seedlings were 
buried up to their root collars in peat to 
minimize winter root damage. Until mid- 
July the field seedlings were protected by 
a lath house, but were then exposed to full 
sunlight. 

In September, October, December, Feb- 
ruary, March, April, and May of the 
1957-1958 season leaves were cut from 
the seedlings and 15 grams of leaf weighed 
out for extraction as described below. Be- 
cause of the small size of the seedlings, 
leaves from either of the two treatments 
(greenhouse or field) for either species 
were combined from the five seedlings for 
a single sampling. 

Sugar estimation was determined by a 
procedure resembling that of Le Tourneau 
(1956). Leaves or other tree materials 
were ground in a Waring blendor with 
180 ml. of 78 percent ethanol for two 
minutes. This was then filtered under 
suction through Munktells No. 3 filter pa- 
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per, washed with 5 ml. of distilled water, 
and the filtrate saved. The filtered solid 
material was then removed to a Whatman 
paper thimble for Soxhlet extraction. This 
was carried out with a fresh quantity of 
180 ml. of 78 percent ethanol and re- 
fluxed 18 hours. The two extracts, filtrate 
and Soxhlet extraction, were then com- 
bined and evaporated by an air stream to 
15 ml. This normally took 24 hours at 
30° C. When high concentrations of su- 
gar were encountered, suitable dilutions 
were made for the quantitative chroma- 
tography. 

Chromatography was carried out as 
follows. A 5-micro-liter drop was placed 
on a sheet of Whatman No. 1 paper 18 x 
21 in. and developed 48 hours in the de- 
scending direction in n-butanol-water- 
acetic acid, 4-5-1 v:v:v. Papers were dried 
and sprayed with p-anisidine for the stand- 
ard determinations, then heated 3 minutes 
at 105° C. Quantities of each sugar were 
estimated over UV lamps from standard 
sugars run on the same papers. Estimations 
for quantity were checked against the 
measurements of a Photovolt densitometer 
using a blue filter. Various other sprays 
were used as described by Linskens (1955) 
including aniline phthalic acid, tetrazolium- 
NaOH, orcin-trichloroacetic acid, naph- 
thoresorcin, and resorcinol for purposes of 
identification. 

Starch tests were carried out with “To- 
KI” (Parker, 1957) on tissues of the white 
pine tree and on the seedling leaves. Sec- 
tions were made by hand and treated di- 
rectly on the slide with the T2-KI. Slides 
were observed under a Leitz binocular 
using 6 v. substage illumination. 


Low temperature tests. The resistance of 
leaves to artificial cold was determined as 
follows. Two fascicles of the latest growth 
of leaves were placed in each of three De- 
war flasks and the flasks corked and placed 
in the apparatus mentioned below. Tem- 
perature was brought down at a rate of 3° 
C. per hour inside the Dewar flasks, some- 
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what as previously described (Parker, 
1955b). A low-temperature thermometer 
projecting through the cork of each flask 
was read at intervals. When a certain 
temperature was reached, a particular De- 
war flask was removed to an ordinary re- 
frigerator (2° C.) for four hours, then 
put out at room temperature. This caused 
a rise in temperature of about 4° C. per 
hour. The cooling apparatus was similar to 
that used previously (Parker, 1955b) but 
employed an ethane as well as freon com- 
pressor. (Cincinnati Sub-Zero Products.) 

Viability of leaves after cooling was de- 
termined by the tetrazolium chloride 
(TTC) test. This has been used for a 
number of years on both seeds and leaves 
of conifers as an indication of continued 
respiratory activity (Parker 1951, 1953a, 
b). The leaves were cut into 3 mm. 
lengths and soaked in 1 percent TTC in 
stoppered test tubes in the dark for 24 
hours. Reduction to the red formazan near 
the cut ends indicated their viability. This 
was supplemented by keeping leaves in 
room air for several days and observing 
any color changes. Root viability was de- 
termined with the TTC test made three 
hours after warming to room temperature. 


Results 


Comparison of sugars in trees of different 
species. In the bark of every species tested 
two sugars with an Rf less than that of 
sucrose appeared in winter. These two 
sugars, apparently raffinose and stachyose, 
were not detectable in the warmer months 
and were thus either lacking or below 0.05 
percent (Table 1). That one of these 
sugars was almost certainly raffinose is in- 
dicated by the following facts. Raffinose is 
widely found in the plant kingdom (De 
Whalley and Gross, 1954); Zimmermann 
(1957a, b) found it in the bark exudate 
of several species of trees; the spot found 
in our work had the correct Rf and color 
with various sprays for raffinose; mild hy- 
drolysis resulted in the appearance of fruc- 
tose. Paech and Tracey (1955) list a 
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TABLE 1. Quantity of different sugars’ occurring in bark and leaves of conifers 
expressed in percent of fresh weight X10. 


Pinus strobus Tsuga-canaden Pinus nigra Picea abies Picea pungens rhuja plicata 


Month St Ra Su Gl Fr St Ra Su Gl Fr St Ra Su Gl Fr St Ra Su Gl Fr St Ra Su Gl Fr St Ra Su Gl Fr 
June 0 oO 5 4 5 0 Oo 5 0 Oo 0 0 4 3 4 ' 0 6 0 6 0 0 6 0 6 0 0 1 0 1 
September 0 1 5 2 5 00 6 4 5 0 O 5 1 6 0 O 3 3 5 0 0 9 5 5 0 0 4 1 5 
October 0 110 4 7 0 , 2 a: % * fs 3 3 4 0 110 9 8 0 1 9 8 10 oa es oe 
December a |) a oa 2 310 8 20 225 3 4 ee ee © 3 83 9 12 I a a 
LEAVES 
June le) a ee 005 4 4 ees es @es:?:2: 3 66? 8 3 @egeas 
September 0 010 1 5 0 0 6 2 5 0 0 5 2 6 0 0 5 2 3 0 0 y 4 5 0 0 5 4 5 
October 0 = 6 4 5 0 110 310 1 410 3 3 0 3 » 4 5 1 3 9 3 4 0 1 5 3 3 
December 0 810 8 § 0 10 25 15 18 920 3% 2 3 & ¢064 3 @ » 410 4 3 » € 2a 8 
Ss stachyos Ra affinose; S$ s se; Gl glucos F t s 


number of other trisaccharides, but these 
appear either to be rather rare or not to 
fit the tests used here. Although Bidwell 
et al. (1952) did not find it in their survey 
of many kinds of plants, it is possible that it 
would have been found if their analyses 
had been made in winter. 

The other sugar with an Rf less than 
that of sucrose had the correct color and 
position for stachyose." A sugar at this 
same Rf had appeared in the bark of sev- 
eral broad-leaved species of trees (Zim- 
mermann 1957a; Parker, 1958). This 
sugar was then observed in the bark of all 
of the various species of conifers tested 
with the onset of colder weather in autumn 
and in the leaves of several species (‘Table 
1). Other sugars appearing in nearly all 
seasons were fructose, glucose, and sucrose. 
In general these sugars increased in win- 
ter, but in some cases declined (Table 1). 

In the leaves of the deciduous broad- 
leaved trees studied, the increase in oligo- 
saccharides described above did not occur 
even though the leaves of many remained 
green into October. However, leaves of 
the broad-leaved evergreens did show the 
appearance of raffinose and stachyose in 
autumn. 


1Determined from a sample of stachyose 
supplied by M. H. Zimmermann of Harvard 


University. 





Comparison of different parts of a white 
pine. The extracts of root and branch 
wood in summer contained only sucrose; 
other sugars were either absent or below 
0.05 percent of the fresh weight. In winter, 
however, several other sugars appeared in 
both root wood and branch wood (‘Table 
2). Barks of both branch and root also 
increased markedly in total sugar in winter 
and showed gains in the other two sugars 
believed to be raffinose and stachyose. In 
April the sugars in root wood and bark 
declined, although the starch content, al- 
ready high throughout the winter, did not 
change very much. Sugars also declined in 
spring in branch bark and especially branch 
wood, 

A comparison of bark samples from 
branches of three other white pines taken 
in November revealed no significant quan- 
titative variations in glucose, fructose, su- 
crose, or raffinose among the different 
individuals. 

Although starch largely disappeared 
from the white pine twigs and leaves with 
the advent of colder weather in December, 
it remained to some extent in the trunk 
bark and in high concentration in bark and 
wood of the root throughout the winter 
(Table 3). During summer, however, 
general starch content was lowest in 
practically all parts of the tree. 
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Comparison of white pine and longleaf 
pine seedlings. In leaves of white pines in 


the field there was again a marked increase 
in winter of raffinose and stachyose (Fig. 
1). Longleaf pine in the field, however, 
did not develop the high raffinose content 


nor any stachyose in winter and showed a 


generally lower total sugar content. This 
failure to develop a high sugar content 


was evidently not the result of early cold 
injury since the latter did not appear until 
later in the winter. 


In winter, greenhouse seedlings of both 
species had lower total sugar levels than 


TABLE 2. Quantity of different sugars’ occurring in roots and branches of a 
white pine tree expressed in percent of fresh weight 10. 








Root Brane 
Wood Bark Wood 
Month and year St Ra Su GI Fr St Ra Su Gl Fr St Ra Su GI Fr 
September 1957 60 Ss 00 6€ 2M 6H 686 8 Ss OU 
February 1958 f eh <6 4 fon nema 6 + = 3 2 
April 1958 01463 t's 25 © 28 DO 
"St = stachyose; Ra = raffinose; Su = sucrose; Gl = glucose; Fr. = fructose. 


TABLE 3. 


h 

Bark 
St Ra Su Gl Fr 
0 2 . 5 25 


Starch in cells of a mature Pinus strobus tree at different times of 


the year as estimated by microscopic examination of I2KI-treated sections. Num- 
ber of plus signs indicate relative amount of starch.’ 


May 




















June July Aug. Sept. Oct. Oct Dec Jan Feb 
Tissue? 20 25 20 6 17 15 21 11 5 7 26 
Twig 
Xylem rays 0 0 + 0 0 0 0 
Central pith 0 0 0 
Phloem ‘says a+ 0 a +4 at 0 ab 0 
Vert. phloem 
par. +++ 44 + 0 0 + oe oe ( 0 
Cortex +++ ++ 0 0 + + ++ 6 0 0 
Trunk 
Xylem rays + oe 0 + 0 0 
Phloem rays +++ +4 ~ + + ++ oe ++ +t > = 
Vert. phloem 
par. +++ + 0 0 ++ ++ 4 re * - « 
Vert. xylem 
par. ++ ++ ++ ++ 
Leaf 
Endodermis ++-4 0 + + ~ 0 + 0 0 0 
Chlorenchyma +++ - 0 0 a + + 0 0 0 
Hypodermis +44 ++ + 0 T 0 0 0 
Root 
Xvlem rays Ahh 0 0 Dali Andie ok Se ot ts. 
Phloem rays +44 } 0 ++ -+--+-1. +++ +44 + do hnahen 
Vert. phloem 
par. + ++ +++ tt+ +++ ++ ++ 
Vert. xylem 
par. Anda A. 0 + ae +++ +44 444 44 
Cortex + +4 +++ +++ +44 44+ soe 
Va ++ medium; + = slight; 0 = no starch 
2Vert. = vertical; par. = parenchyma. 
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those in the field (Fig. 1). The sugar be- 
lieved to be raffinose was much more poorly 
represented in greenhouse seedlings of 
both species than in the field and longleaf 
pine never showed the presence of stachyose 
in either treatment. 

In spring the sugars in field white pine 
and longleaf pine again returned to the 
summer pattern so that by May neither 
raffinose nor stachyose were present at de- 
tectable levels. 

Greenhouse leaves of both species gen- 
erally maintained the starch content 
throughout the winter with certain excep- 
tions (Fig. 1). Field longleaf pine leaves 
in contrast to white pine leaves showed a 
marked lack of starch in autumn; in the 
field both species lacked starch in winter. 
By spring both species again tested posi- 
tively for starch in the field leaves. 

At this point it is worth mentioning that 
longleaf pine in a natural habitat in Ala- 
bama exhibited a decline in starch in leaves 
and twigs in winter which was related to 
an increase in raffinose. In the warmer 
weather of February when azaleas were in 
bloom, the starch reappeared and raffinose 
declined to undetectable amounts.” 

Low temperature tests. Leaves were taken 
from white pine trees in New Haven on 
February 19 and cooled to —75° C. with- 
out apparent effect on their appearance. 
They also gave a positive TTC test. A 
second sample was therefore cooled to as 
low a temperature as could be obtained 
(—90° C.) but with the same effect. 
Leaves of white pine seedlings brought 
from the out-of-doors location in Valhalla 
were uninjured by —30° C. while long- 
leaf pine field seedlings were somewhat 
injured by this treatment. In February 
leaves of greenhouse seedlings of neither 
species were resistant below —I15° C., 
nearly the summer hardiness. Roots of 


“These data were collected at Brewton, 
\labama, Southern Forest Experiment Station, 
U. S. Forest Service. 


white pine trees were not resistant in Feb- 
ruary to temperatures below —20° C. 

On March 17 the field seedlings of both 
species showed marked changes in hardi- 
ness: longleaf pine was resistant only to 
—18° C. and white pine to —25° C. The 
New Haven white pine tree leaves also 
showed a marked change by this time and 
were killed by —45° C. but were resist- 
ant to —35° C. 

By mid-April there was little or no 
change in the hardiness of the field plants 
but the resistance of the greenhouse white 
pines had increased from —15° to—25° C. 
and by May were more resistant than the 
field white pine seedlings. 

Buds of the field white pine seedlings 
had begun to sprout by late May but those 
of the greenhouse white pine seedlings, 
with a somewhat greater hardiness, re- 
mained dormant. This suggests a relation- 
ship between hardiness and dormancy, an 
idea lately expressed in Russia (Nikishin, 
1957). Longleaf pine, on the other hand, 
seemed much more sluggish in its hardiness 
changes and varied only slightly in spring 
in the greenhouse. Buds of both green- 
house and field longleaf pine began to en- 
large in late May and early June and pro- 
duced leaves, but no shoot growth later on. 


Summary 


‘The bark and leaves of six different species 
of conifers growing in southern New York 
State were analyzed chromatographically 
for sugars at different times of the year. 
Sucrose, glucose, and fructose were often 
found in the warmer months and usually 
increased in the colder months. Two su- 
gars of low Rf, believed to be raffinose and 
stachyose, increased in autumn and early 
winter in bark of all species of conifers 
and in leaves of some species of conifers. 

Leaves of various species of broad-leaved 
deciduous trees did not show this raffinose 
and stachyose increase in late summer and 
early autumn, but broad-leaved evergreens 


did. 
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Figure 1. Quantities of different sugars in leaves of longleaf pine and white pine seedling: 
finose, Su = sucrose, Gl 
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In a single white pine tree, root wood 
and branch wood were found to contain 
only sucrose in summer at the levels tested, 
but four and sometimes five sugars were 
found in these woody tissues in winter. In 
the bark of roots and branches there was 
a marked increase in glucose, sucrose, fruc- 
tose, and raffinose as well as stachyose in 
winter. Starch reached a summer mini- 
throughout the tree in midsummer, then 
there was a secondary minimum in winter 
in the parts above ground but not in the 
roots. 

Leaves of longleaf pine seedlings in an 
open field did not develop the high sugar 
content nor the freezing resistance of 
white pine grown similarly in winter and 
did not develop any of the sugar having 
the correct test for stachyose as did white 
pine. In winter, greenhouse seedlings of 
both species were considerably lower in 
sugar and higher in starch than seedlings 
kept in an open field. Greenhouse seedlings 
of both species did not develop any par- 
ticular resistance to cold in midwinter 
(beyond summer hardiness), but increased 
somewhat in hardiness in spring. Roots of 
white pine did not develop a deep winter 
hardiness as did the parts above ground, 
some of the latter being resistant to —9)° 
C. Hardiness seemed related to dormancy. 
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Mortality of Rootlets in Balsam Fir 
Defoliated By The Spruce Budworm 


‘THE PRESENT srupy is part of a larger 
investigation in New Brunswick (Morris 
et al., 1955) to determine the effect of 
severe defoliation by the spruce budworm, 
Choristoneura fumiferana (Clem.), on bal- 
sam fir, Abies balsamea (L.) Mill. During 
the development of an outbreak of this in- 
sect stands of balsam fir trees usually suffer 
defoliation severe enough to cause death 
of large numbers of trees. Swaine et al. 
(1924) reported that during a previous 
outbreak of the budworm in this region 
(1912 to 1920) all rootlets and roots less 
than 2 mm. in diameter were dead six 
months prior to death of the tree. Another 
report (Redmond, 1957) showed that 
many roots had been killed on trees that 
had survived this previous outbreak. How- 
ever, there is no record of any study on the 
amount of defoliation necessary to cause 
abnormal mortality of rootlets, how soon 
this mortality begins after defoliation has 
occurred, the relation between amounts of 
defoliation and the proportion of rootlets 
succumbing, or the proportion of a root 
system that may die without necessarily 
killing the tree. 

Preliminary sampling indicated that mor- 
tality of rootlets occurs mainly during the 
growing season, which lasts only three to 
four months in this region. Therefore, the 
mortality of rootlets in a root system of a 
severely defoliated tree may increase greatly 
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within a very few weeks. If comparisons 
are to be valid, it is imperative that several 
trees representing each class of defoliation 
be sampled in a short space of time, prefer- 
ably within a period or one or two weeks. 

At the beginning of this study no method 
of sampling root systems had been tried that 
would permit obtaining the necessary in- 
formation within the time available and 
within predetermined fiducial limits. Root 
systems were first completely excavated by 
a stream of water delivered under pressure 
by a pump. A sample of 2,000 rootlets 
was examined from each tree, mortality 
being calculated to the nearest 1 percent. 
However, one person could examine this 
number of rootlets from only 10 to 15 
trees in a week and excavation was expen- 
sive. In another group of trees a few roots 
from around each system were dug up by 
hand tools and sampling was continued 
until 2,000 rootlets had been examined. 
The proportion of dead rootlets obtained 
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in this manner compared closely with re- 
sults obtained when the whole system was 
excavated. Thus, there appeared to be no 
advantage in excavating the whole, or even 
a large portion, of the root system of a tree 
when only health of rootlets was being 
investigated. Also, drying out of the root- 
lets before they were examined was no 
longer a problem, and study areas were 
not limited to slopes or areas accessible to 
pumping equipment and a water supply. 
However, the time required for examining 
rootlets was not reduced and it appeared 
that this could be achieved only through 
reducing the size of the sample examined 
from each tree or by attempting a less ac- 
curate estimate of mortality. 

In birch dieback studies, Greenidge 
(1953) observed that for trees suffering 
similar deterioration 
mortality of rootlets fell within one of sev- 


amounts of crown 
eral broad percentage classes. Since most 
descriptions of defoliation in trees are based 
on broad classes, it is possible that emphasis 
was being placed on obtaining too accurate 
a figure for mortality of rootlets. Except 
for very accurate descriptions in a limited 
number of closely observed plots, defolia- 
tion of balsam fir by the spruce budworm is 
at present described in three classes: less 
than 20 percent (light), 30 to 60 percent 
(medium), and over 70 percent (heavy). 
Consequently, further descriptions of mor- 
tality of rootlets were limited to one of 
three broad classes. 

From a preliminary examinatien of 
about 60,000 rootlets from balsam fir trees 
that were apparently healthy and had 
suffered no defoliation by budworm, it was 
established that invariably less than 15 per- 
cent of the rootlets were dead. The three 
classes selected for describing rootlet mor- 
tality were: less than 15 percent dead 
(normal), 31 to 50 percent dead (medi- 
um), and over 75 percent dead (heavy). 
A system of sampling, known as sequen- 
tial analysis, has been developed recently 
that provides for this type of description of 
a population. 


The Sequential Plan 


The system of sequential sampling was de- 
veloped for use in rapid evaluation of war 
research problems (Wald, 1945, 1947) 
and has since been adapted successfully for 
sampling in several problems dealing with 
populations of forest insects (Stark, 1952; 
1954; Miller, 1955; Waters, 
1955). Recently, Smith and Ker (1958) 
have used this plan in describing reproduc- 


Morris, 


tion of forest trees. 

The plan provides reasonable estimates 
of populations over large areas and requires 
a minimum of time and effort. It deter- 
mines the size of sample required to esti- 
mate the population within certain prede- 
termined confidence limits. However, be- 
fore the equations for constructing the plan 
can be calculated, the mathematical distri- 
bution of the population must be known 
and a tolerance of error must be established 
that will give a satisfactory degree of re- 
liability. 

In this type of sampling there are two 
errors that can be made in labelling a popu- 
lation: (1) that of calling mortality higher 
than it actually is and (2) that of calling 
mortality lower than it actually is. In con- 
structing the formulae used in this study, 
upper limits of error of 5 percent were used 
in both cases. Rootlets were examined in 
groups of 20) and the number of dead root- 
lets in each group was determined, regard- 
less of how long they had been dead. Any 
rootlet that could not be classed definitely 
as dead was called living. When the data 
obtained from sampling rootlets of healthy 
trees were compared with the theoretical 
values of a Poisson distribution there was a 
chance of approximately 63 percent of ob- 
taining a greater chi-square value. In other 
words, it is highly probable that the popula- 
tion follows a Poisson distribution. There 
was no agreement between the population 
of dead rootlets and the theoretical negative 
binomial distribution for the data, and very 
little (less than 0.1 percent) between their 
distribution and that for the binomial. How- 
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ever, it is possible that the population of 
dead rootlets follows a binomial distribution 
when mortality is greater than that found 
in healthy trees. 

A sequential plan was calculated for the 
binomial distribution according to Oakland 
(1951) and for the Poisson distribution 
as outlined by Miller (1955). These are 
shown graphically in Figure 1. Since the 
curves for the Poisson encompass those for 
the binomial throughout the range where 
sampling is normally necessary (the calcu- 
lated average sample number is less than 
6 samples), only the plan for a Poisson dis- 
tribution was used in this study. It is 
considered that mortality of rootlets in a 
tree can be classified by using the Poisson 
plan and even greater reliability is provided 
if the distribution should be a binomial. 

An additional advantage of this sam- 
pling system is the characteristic that the 
number of observations required depends 
on the outcome of the observations and is, 
as a result, not predetermined, but a ran- 
dom variable. After each observation there 
are three choices to be made: (1) to accept 
the hypothesis, (2) to reject the hypothesis, 
or (3) to continue by making an addi- 
tional observation. Sampling is continued 
until either of choices (1) or (2) is made 
or, in practice, until one of the two of a 
set of parallel lines (Fig. 1) is crossed. 
Samples from two trees are plotted to show 
application of the system. A table con- 
structed to show the limits of the parallel 
lines for the Poisson distribution was used 
to facilitate sampling in the field. 


Field Methods 

Since the beginning of the present bud- 
worm outbreak in New Brunswick, about 
ten years ago, forest entomologists have 
compiled accurate data annually on the 
amount of new foliage consumed by this 


1The equations for constructing a plan for 
sampling a binomial distribution are d = 


4.38n+3.32 and d = 12.62n+2.68 and 
those for a Poisson distribution are d = 
4.33n+4.25 and d = 12.33n+7.26. 
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insect on a number of sample plots. Sam- 
pling of rootlets was conducted on trees in 
several of these plots. One man, using an 
axe and a grub hoe, cut off roots from 
around the base of a tree and carefully re- 
moved them from the soil while another 
examined 20 rootlets selected at random 
from each root, while they were still fresh. 
The method of sampling all around the 
tree was adopted to avoid the possibility of 
obtaining the entire sample from one root 
where mortality may have been excessively 
high because of damage to this root that 
could not be observed. 


Results and Discussion 


The defoliation history of the trees on each 
plot sampled in 1956 is presented in ‘Table 
1 along with the number of trees sampled 
in each rootlet mortality class. Sampling 
was continued in 1957 but the data are not 
included in Table 1, although one or two 
observations made are discussed. Prelimi- 
nary sampling and results from Plot 1 show 
that mortality of rootlets is usually less than 
15 percent in trees only slightly defoliated, 
even if there is defoliation annually over 
a period of years. 

In Plot 2, where defoliation in 1956 was 
approaching 100 percent, mortality of root- 
lets in June varied between trees but late 
in the following September, all trees in the 
plot had suffered heavy mortality of root- 
lets. This indicates that once defoliation 
has increased through annual increments 
in the budworm population to the stage 
where nearly 100 percent of the new foli- 
age has been destroyed it can be expected 
that over 75 percent of the rootlets will 
have died by the second year of such heavy 
defoliation. This is shown also by Plots 
4 and 5. 

In small trees (Plots 3 and 8), once the 
amount of defoliation begins to decline and 
new shoots develop, there is development 
of new rootlets. This is shown by samples 
from areas where defoliation was reduced 
by aerial spraying against the insect as well 
as where the number of insects had declined 
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for other reasons. The lower mortality 
represented by the data from Plot 6 in 
August, 1956, resulted from rapid develop- 
ment of new rootlets during the early 
summer. By 1957, these new rootlets 
were nearly all dead, presumably because 
of the increase in defoliation in 1956. A 
comparison of results from Plot 9 with 
those from Plot 8 shows that larger (and 


d=|2.33n = 7.26 
d= 12.62n>=268 — ao 


d= 433n+ 425 
d= 438n+ 332 


NO. OF DEAD ROOTLETS (d) 


older) trees are not so readily capable of 
producing new rootlets following release 
from defoliation. 

The sample from Plot 7 was made in 
June, 1956, and obtained from 13 large 
and over-mature trees. All had bursting 
foliage buds at the time of sampling. In 
three the cambium was dead throughout 
the circumference at breast height; in five 


MEDIUM 


NORMAL 





6 7 8 9 10 1 12 
NO. OF SAMPLES OF 20 ROOTLETS (n) 


Figure 1. Two sequential plans calculated for sampling mortality of rootlets in balsam fir. Inct- 
dences of dead rootlets from two different root systems are plotted to show application of the 


plan. 
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TABLE 1. 


tion by the spruce budworm. 


Plot History of defoliation as percentage 
number of current year’s foliage removed 
1950 1951 1952 1953 1954 1955 
1 40 25 15 15 30 15 
2 (June 56) 5 5 5 5 30 65 
9 (Sept. /56) 5 5 5 5 30 65 
3 10 60 100 100 95 10 
4 0 5 5 5 50 100 
5 5 5 5 50 70 100 
6 (June/56) 0 45 90 98 98 35 
& thue./36) 20 45 90 98 98 35 
7 65 100 100 100 100 x0 
8 10 80 100 953 35 73 
9 30 80 100 9538 30 75 


*Normal—0 to 15 percent; 


3Aerial spraying with DDT was carried 


cambium had several dead streaks 
but 


the 


breast there were no dead 
streaks in the cambium in the 
five. The only living rootlets found were 
in three of the five 
streaks in the cambium, and only 1, 2, and 


large 


height; 
remaining 
no dead 


trees with 


15 living rootlets were found 
sample from each of these root systems, 
respectively. Chances for survival of these 
old trees seemed to be nil. A later exam- 
ination showed that the condition of the 
rootlets did not improve during the sum- 
mer and many trees in the area were dead 
by May, 1957. 
firmation of the statement (Swaine et ail., 
1924) that all rootlets die several months 


before death of the cambium indicates death 


This is considered as con- 


of the tree. 


Summary 


The sequential plan was used to sample 
the mortality of rootlets in balsam fir de- 
foliated by the spruce budworm. Once 
defoliation had increased to the point where 
over 70 percent of the new shoots were 
destroyed, mortality of rootlets was over 
30 percent. When removal of new foliage 
reached 100 percent, mortality of rootlets 
quickly surpassed 75 percent. When de- 
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Mortality or rootlets of balsam fir as related to amounts of defolia- 


Size of trees Mortality of rootlets 


(Inches Normal Medium Heavy Complete 
d.b.h.) (Number of trees) 

7 to 12 9 1 

3 to 6 4 + 2 

3 to 6 10 

4+ to 6 3 6 

3 to 8 10 

+ to 6 1 18 

+ to 6 9 

+ to 6 9 

8 to 12 3 10 
3 to 4 19 

6 to 12 l 17 


1Information on defoliation was supplied by D. G. Mott, Forest Biology Laboratory, Fredericton. 
medium—31 to 50 percent; 


eavy—76 to 99 percent; and complete—100 percent 


spring or early summer. 


foliation ceased or was reduced in intensity, 
young trees immediately initiated produc- 
tion of new rootlets, but these trees did not 
appear capable of surviving a second defoli- 
ation severe enough to result in death of 


Mature 


capable and over-mature trees seemed in- 


these rootlets. trees were less 
capable of producing new rootlets follow- 
ing total defoliation of new shoots over 
4 or 5 successive years, although they did 
produce some new foliage before succumb- 


ing. 
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In Black Cherry 


‘THE INITIATION of cambial activity in the 
spring is closely correlated with the onset 
of activity in buds, Avery, Burkholder, 
and Creighton (1937), Brown (1935), 
Czaja (1934), and Priestley (1935) have 
demonstrated that, among other accelerated 
metabolic activities, there is an increase in 
auxin production in the buds with subse- 
quent basipetal translocation and resultant 
stimulation of cambial activity. Jones, et al. 
(1952) have identified 3-indoleacetonitrile 
as an active agent. Cells of the cambial 
zone enlarge, and divide, subsequently dif- 
ferentiating into xylem and phloem tissues. 
These differentiating centripetal cells, or 
young xylem, constitute a zone of weak- 
ness enabling bark to be readily separated 
from wood. The resultant bark slippage, 
employed as a tool in determining the pres- 
ence or absence of cambial activity by Bri- 
son (1933), Cranefield (1900), and Has- 
tings (1900), was used in this study. 

The influence of buds upon cambial ac- 
tivity was investigated. Black cherry 
(Prunus serotina Ehrh.) trees were either 
disbudded or top-girdled at about 23 feet 
above the ground during dormancy in Feb- 
ruary, and the effect of such treatment 
upon subsequent cambial activity observed. 

On each of the 13 sampling dates in 
April and May, disks were removed at five 
heights, from a treated and an untreated 
tree. Bark slippage was tested manually. 
If bark could not be removed from the 
wood the cambium was presumed inactive. 
On the other hand bark slippage reflected 
active cambium. Response to treatment is 
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summarized in Table 1. 


Following initial 
treatment, adventitious buds were removed 


to eliminate, if possible, any influence they 
might exert on cambial activity. 

In untreated trees, bark could be re- 
moved readily by early May. In disbudded 
trees bark could not be peeled until 25 
days later. In stem sections of untreated 
trees collected in mid-May, new cells in- 
side an active cambium were differentiating 
to form xylem elements. At the same time 
the cambium in disbudded trees was dor- 
mant (Fig. 1). 


In stem sections removed from top- 
girdled trees in mid-May, broad bands of 
xylem and phloem had differentiated above 
the girdle. At the same time cambial ac- 
tivity was absent below the girdle (Fig. 2). 

The influence of buds on cambial activ- 
ity is reaffirmed. Apparently, movement 
of auxin originating in the buds, referred to 
earlier, is impeded by their removal. 

In conducting a similar study on pignut 
hickory (Carya glabra (Mill.), this inter- 
dependence was not demonstrated. In 
treated and untreated trees, bark slippage 
began at approximately the same time and 
may be indicative of the existence of stimuli, 
independent of buds, which incite cambial 
activity. Microscopic examination of stem 
tissues corroborated the simultaneous initi- 
ation of meristematic growth. 


The author is Associate Professor in the 
School of Forestry, University of Georgia, 
Athens, Georgia. 
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TABLE 1. 


(— absent 


Sampling height 


Tree Date of above ground 
No. Sampling in feet 
] April 17 All levels 
2 21 All levels 
3 25 All levels 
4 28 All levels 
5 May 1 0 
6 
9 
12 
6 5 0 
6 
12 
18 
24 
7 S All levels 
8 13 0 
6 
12 
18 
20 
9 15 All levels 
10 19 0, 6, 12, 18 
24 
11 2 o, G 12, 38,22 
24 
12 22 6; 6, 12,35 
24 
13 30 0, 6, 12, 18, 24 


Cherry and hickory performances pres- 
ent interesting differences among decidu- 
ous trees—one with diffuse porous wood 
and the other with ring porous wood. ‘That 
bark slippage at the base of large trees be- 
gins when leaves are approximately half 
grown in cherry and buds have just burst 
in hickory further emphasizes these species 
differences. Wareing (1950, 1951) ex- 
hibited similar differences in growth pat- 
terns between diffuse and ring porous 


species. 





Bark slippage of treated and untreated cherry trees. 
+ present) 


Bark Slippage 


Treatment Treated Untreated 
Disbudded — — 
sai 4 
pe + 
- + 
am he 
: ~ + 
ol &. 
+ 
. . 
Top-girdled - (below girdle) + 
= + (above girdle) +. 
(below girdle) + 
(above girdle) + 
— (below girdle) aa 
+ (above girdle) + 
— (below girdle) + 
+ (above girdle) 4 


Summary 

When black cherry trees are disbudded, 
cambial activity is retarded. In similarly- 
treated pignut hickory, such retardation is 
not apparent. Top girdling of cherry im- 
pedes cambial activity below the girdle only. 
The basipetal movement of hormone orig- 
inating in active buds is implied for cherry 
but not for hickory. In disbudded hickory 
the existence of auxins which stimulate 
cambial activity, independent of active buds, 
is suggested. 
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Figure 1. Cross-section of stem tissue from (a) untreated cherry showing new xylem (X), 
and (b) disbudded cherry with no new xylem, Old xylem (X1), cambium (c), and phloem (P). 
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Figure 2. Cross-section of cherry (a) above the girdle showing an active cambium (C) with 
new xylem (X) and phloem (P), and (b) below girdle showing a dormant cambium and | 
the absence of new xylem. t 
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Extracting Douglas-Fir Pollen and Effects 
Of Gtbberellic Acid on tts Germination 


‘THE PRESSING NEED for a tree improve- 
ment program has been felt by many for- 
estry agencies for a number of years in the 
Northwest. Various tree breeders have 
been selecting plus trees or superior stands 
so that an excellent gene pool can be iden- 
tified and utilized. 

Controlled pollination is often employed 
to produce a suitable variety from a par- 
ticular tree species for specific purposes. 
Such controlled pollination work invariably 
involves pollen collection from trees with 
the desired characteristics. Hence, know- 
ing how to extract pollen successfully and 
what effects various environmental condi- 
tions during extraction may have would 
greatly facilitate 
work. 


controlled pollination 

Duffield ( 1953) in his study of extraction 
of pine pollen points out that it is quite 
sensitive to its temperature and moisture 
environment. One of his tests showed that 
extraction at a 75 percent relative humidity 
was disadvantageous regardless of subse- 
quent storage conditions. He emphasizes 
that for each species the extraction humid- 
ity and temperature should be studied so 
that accurate information can be obtained. 

A satisfactory method for extracting 
Douglas-fir pollen at room temperature 
was reported by Orr-Ewing (1954); how- 
ever, no detailed information was provided 


as to environmental 


exact conditions, 
amounts of pollen extracted, and subse- 


quent germination and growth. 
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Chandler (1957) pollen 
from a large number of species on sucrose- 
agar medium with satisfactory results. She 
also found that gibberellic acid (G. A.) 
stimulated pollen germination and growth 


germinated 


for a number of species. She further spec- 
ulated about the possibility of G. A. treat- 
ment overcoming incompatibility due to 
slow germination and low rate of pollen 
tube growth (Chandler, 1957), both of 
which are probably affected by antibiotics 
or growth inhibitors present in the female 
gametophyte (Lewis, 1956). 

According to Allen (1943), it takes 
about five weeks after germination of the 
pollen for the tip of the pe len tube to reach 
the nucellus. Another week passes before 
it penetrates the archegonium. Therefore, 
it is conceivable that if Douglas-fir pollen 
treated with G. A. grows faster, then such 
treatment should increase the fertilization 
and seed production rates in both controlled 
and natural wind pollination. 

The present study was designed to de- 
termine desirable laboratory conditions for 
extracting Douglas-fir pollen so as to ob- 
tain the greatest possible production of 
high quality pollen. Effects of G. A. on 
stimulating pollen germination and_ pollen 
tube elongation were also tested. 

The authors are Forest Geneticist, Oregon 
Forest Lands Research Center, Corvallis, Ore- 
gon, and Assistant Professor, Farm Crops De- 
partment, Oregon State College, Corvallis, 
Oregon, respectively. 
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Materials and Methods 


One tree from the McDonald Forest area 
area near Corvallis, Oregon, was selected 
for this particular test. This tree was grow- 
ing on an east-facing slope at an elevation 
of about 850 ft. Branches bearing the 
male cone buds were collected at a height 
of 15 ft. above the ground on the south 
and north sides of the crown by using a 
long-handled pruner, At the time of collec- 
tion, April 2, 1958, the catkins had just 
barely emerged about 4 in. from the bud 
scales, with no detectable signs of ruptur- 
ing or ripening of sporangia. 

As soon as these catkin-bearing branches 
were brought into the laboratory, they 
were grouped in five lots with each lot 
containing four replications. Each replica- 
tion had a total of 100 male buds on the 
branches and was placed in a vase with tap 
water. 

One of the five lots was placed in the 
laboratory which had an average tempera- 
ture of 70° F. and a 44 percent relative 
humidity and was chilled at 35° F. for 
22 hours prior to extraction. The other 
four lots were extracted under each of the 
following conditions: 

1. Hot-wet room, with a temperature 
of 88 to 90° F. and a relative hu- 
midity of 90 percent. 

2. Hot-dry room, with a temperature 


of 90° F. and a relative humidity of 


+4 percent. 


3. Cold room, with a combination’ of 
36° F. in temperature and an 85 to 

90 percent relative humidity. 

4. Standard room, with a temperature 

of 70° F. and a relative humidity of 
66 percent. 

A sheet of tracing vellum was placed 
underneath each vase to catch the falling 
pollen. Collection of pollen from these lots 
was begun after a time lapse of 24 hours. 
Collections were made twice daily at 8 a.m. 
and 5 p.m., and pollen shedding was con- 
sidered completed if no more pollen fell 





when the flowers were lightly tapped by 
hand. Each collection was then weighed 
and stored in tightly capped plastic vials at 
0° F. 

Fresh pollen collected on the second day 
from each extracting condition was tested 
for germination rate and tube growth. A 
basic medium containing 10 percent su- 
crose and 1 percent agar was prepared. 
From this basic medium, a series of media 
were made by adding 10, 100, and 1,000 
ppm of potassium salt of gibberellic acid 
(Merck Laboratories, sample no. 3, cour- 
tesy of R. Grey). Thin films of these me- 
dia were poured on microslides and allowed 
to cool before pollen from the different col- 
lections were dusted on. Each treatment 
and collection was duplicated by two slides. 
The slides were incubated in a moist cham- 
ber (approximately 95 percent relative 
humidity) at 90° F. for 46 hours. Ger- 
mination counts of pollen grains were 
made under a low power microscope 
(36) for six random fields, the average 
number of pollen counted being 200 to 
300 at the end of 10 and 22 hours of in- 
cubation. Only 25 grains of pollen were 
measured from 6 random fields for their 
tube length and width in each treatment 
at the end of 46 hours of incubation. 


Results 


The fresh weights of pollen for each col- 
lection under different extraction condi- 
It is ob- 
vious from the table that the productivity of 
100 male buds varies from 0.7 gram to 3.7 


tions are summarized in Table 1. 


gram. Total pollen production was high- 
est under the standard room condition, 
i.c., 70° F. and 66 percent relative humid- 
ity. The least was produced from the lot 
subjected to a 33-hour cold storage (35° 
F.) and then set in the laboratory with a 
temperature of 70° F. and a 44 percent 
‘ity. The rate of pollen shed- 
ding was also highest during the first two 


relative hum: 


days in the standard room, while the oth- 
ers exhibited the same trend but at lower 


levels. Daily pollen production decreased 


volume 5, number 1,1959 / 7§ 



















with time. However, the pollen collected 
in all rooms during the first and the second 
days comprised almost 90 percent of the 
total production. ‘There was no pollen col- 
lected under the cold-wet extraction with 
even up to 4 days’ incubation, 

Data obtained from pollen germination 
It is shown that 
pollen collected from the hot-dry extrac- 


are compiled in Table 2. 


tion seemed to have the fastest rate of ger- 
mination at the end of 10 or 22 hours’ in- 
cubation. Pollen extracteod under the hot- 
wet condition exhibited lowest germination 
after a fair start by the first germination 
count. 


Generally speaking, the potassium salt 
of gibberellic acid does not significantly in- 
crease germination percentages; however, 
pollen tube growth is proportionally in- 
creased with increasing concentrations of 
G. A. in the medium. Furthermore, the ¢ 
test indicates that in G. A. 
causes significantly more growth than is 


most cases 
evidenced in the control from the same 
extraction. As far as width of pollen tube 
is concerned, there seems to be little differ- 
ence when G. A. is added. 

Accompanying — the pollen 
tube growth achieved by G. A. treatment 
(Figs. 1 and 2), an accelerated cytological 


increased 


















tions. 





"RH = relative humidity. 
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TABLE 1. Douglas-fir pollen production (g 





.) under various extraction condi- 


Repli- 


Extraction Repli- Ist day 2nd day 3rd day 4th day cation 
condition cation 8 a.m S p.m. 8 am. 5 p.m. 8 a.m. 5p.m. 8 a.m. 5 p.m. total 
70° F., 66 1 693 432 445 353 092 .067 .039 1.981 
percent RH! 2 893 510 279.143 0460 056.031 1.958 
3 1.647 576 181 .091 .038 .070 .022 2.625 
4 1.375 998 .148 .078 .028 .043 .023 2.693 
Total 4.608 2.516 1.053 525 .204 .236 ats 
Cumulative total 4.608 124 8.177 8.702 8.906 9.142 9.257 9.257 
90° F., 90 1 $30 1.122 863 637 418 .190  § .015 3.675 
percent RH 2 420 037 165 .039 033) 036.005 735 
3 855 O15 2025 007 .008 .007 947 
4 705 .043 fan .276 25 .104 2.062 
Total 2.410 1.217 1.774 959 .672 337 .020 
Cumulative total 2.410 3.627 5.401 6.360 7.032 7.369 7.389 7.389 
90° F., 44 1 809 = .401 160 .190 .052  .061 .029 1.702 
percent RH 2 565 465 254 .007 .034 025 015 1.365 
3 1.663 .142 055 O37 .037 .010 .010 1.945 
4 952 253 .107 .048 .040 .027 .021 1.448 
Total 3.989 1.261 576 .282 163 .123 075 
Cumulative total 3.989 5.250 3.826 6.108 6.271 6.394 6.469 6.469 
70° F., 44 1 .229 .278 372 .278 .062 .012 1.231 
percent RH 2 .196 oes .267 2335 .123 .030 1.262 
3 392 .528 .376 .218 .044 .008 1.566 
4 .347 956 .096 .036 .012 .010 1.457 
Total 1.164 2.073 1.111 867 ~=.241 060 
Cumulative total 1,164 3.237 4.348 5.215 5.456 5.516 5.516 
Collection total 10.907 6.158 5.476 2.877 1.906 .937 .270 
Day total 16.065 8.353 2.943 .270 
Percent of day total 58.00 30.20 10.70 10 
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Extraction KGA 


condition concentration 


U0 


percent RH 10 ppm. 


100 ppm. 
1,000 ppm. 
Average 


0 


percent RH 10 ppm. 


100 ppm. 
1,000 ppm. 


Average 


percent RH 10 ppm. 


100 ppm. 
1,000 ppm. 


Average 


0 


percent RH 10 ppm. 


100 ppm. 
1,000 ppm. 
Average 


‘All second day p.m. collections. 


development of pollen was 


Discussion 


Germination 
10-hr. 
incubation 


observ ed. 
G. A, treated lots had more pollen grains 
containing 3 nuclei— the tube cell, the 
body nucleus, and the stalk nucleus—than 
did the control, although a certain control 
lot (e.g., pollen extracted in the standard 
room) was just as advanced as the G. A. 
treated ones (Fig. 3). It was also observed 
that there were some burst pollen tubes in 
media containing 100 or 1,000 ppm G. A. 
at the end of 46 hours’ incubation. 


0 
0 
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mwhs 
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3 
29.2 
35.3 
24.6 


0 


0.4 
0 
0 


0.1 


For all practical purposes, a 70° F. room 
temperature with a_ relative 
around 66 percent would seem to be ideal 
for extracting Douglas-fir pollen as far as 
total production and high viability are con- 


humidity 





Effect of potassium gibberellate on germination and pollen tube 
growth of Douglas-fir pollen extracted under different conditions.' 


percent 

22-hr. Pollen tube size in microns (46 hr.) 

incubation Length Width 

91.5 $e2892: 7.75 $7.73+2.17 
88.5 210.18 6.67** 90.68 +8.22 
92.3 222.742 7.13" 93.00 +2.95 
88.5 243.82+10.23** 92.23+3.26 
90.2 

64.9 148.18+ 4.03 92.23 +2.48 
80.7 166.01 +13.33 94.55 +2.79 
88.1 215.92 7.75** 90.52+2.95 
71.9 240.72+12.09** 91.30+3.5 
78.9 

96.1 209.25+ 6.05 86.34+2.48 
91.6 255.75+10.23** 99.51+3.26** 
91.6 223.82+ 8.68 93.00 +2.79 
92.2 248.934 9.46** 100.29+2.95** 
92.9 

88.1 169.57+11.16 90.21+2.79 
90.8 197.32+ 4.65* 86.18 +3.10 
82.0 206.62+ 6.82** 91.14+2.48 
92.9 204.60> 5.43** 99.36 +2.79 
88.4 


‘Significantly different from the control at 5 percent level. 
**Significantly different from the control at 1 percent level. 


cerned. Under such conditions, the col- 
lection period should extend only two days 
so that labor and time can be most eco- 
nomically utilized. The viability of all col- 
lections after a period of storage, however, 
should be tested so that the quality of pol- 
len extracted under different conditions 
can be further verified. 

Chilling prior to pollen extraction re- 
duces production, while hot-wet extraction 
not only causes erratic productivity per 
constant number of male buds, but also 
results in stickiness and possible deteriora- 
tion. 

It is interesting to note that approxi- 
mately 30 to 40 percent of the pollen 
grains in the group treated with G. A. had 
reached the three nuclei stage at the end 
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of 46 hours’ incubation, while almost all 
the control pollen grains were in the two- 
nuclei stage. Control lots of the standard 
room also may occasionally attain the three 
nuclei development within the same period 
of time. Allen states in his work that about 
1 percent of the pollen grains examined had 
formed three nuclei. This difference in de- 
velopmental stages may be attributed to 
G. A. application or it may be that the 
pollen lots had been subjected to different 
conditions such as length and temperature 
of incubation, extraction, humidity, etc. 
The result from G. A. treatment indi- 
cates a definite possibility of enhancing 
Douglas-fir fertilization. As pointed out by 
Duffield and verified by Orr-Ewing’s 
work (Orr-Ewing, 1956), artificial ger- 
mination tests cannot be relied upon for 
positive information as to the fertilizing po- 
tential of a sample pollen. The growth of 





FicurE 1. 


Pollen grains extracted under hot- 
dry condition with no gibberellic acid treat- 
ment at 46 hour germination. Note the 


non-viable pollen with large vacuoles, 
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the germinating tubes of pollen grains, 
however, could very well reflect effective- 
ness in causing fertilization, 

A method should be developed for prac- 
tical use in increasing seed production or 
assuring fertilization by spraying G. A. on 
female conelets after the start of major 
pollen flight under natural conditions or 
before injection of pollen in controlled 
pollination. As for the suitable concentra- 
tion of G. A., it probably will have to be 
determined by actual field test although 
results from this study indicate variations 
from 10 to 1,000 ppm are all effective in 
stimulating pollen tube growth. 

Brink’s (1924) findings were also evi- 
dent in this test, i.e., clumped pollen grains 
exhibited a higher frequency of longer ger- 
minating tubes than grains scattered apart. 
This could be due to competition for grow- 
ing space or an accumulation of certain 


Ficure 2. Same pollen lot as in Figure 1, 
cvith 100 ppm givberellic acid treatment 
showing increased elongation and 3 nuclei 
stage at 46 hour germination. 
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Ficure 3. 
under the standard room condition exhibit- 


A group of pollen grains extracted 


ing the 3 nuclet-stage at 46 hour germina- 
tion, 


growth substances as suggested by other in- 
vestigators. ‘This finding indicates that in 
artificial pollination, the application of 
larger amounts of viable pollen will insure 
higher rates of fertilization. 

The bursting of cytoplasm in some of 
the cells was observed in media containing 
higher concentrations of G. A., ie., 100 
or 1,000 ppm. This may indicate that 
either tube wall synthesis did not keep pace 
with excessive or rapid expansion of cyto- 
plasm, or that a high concentration of 
G. A. caused excessive water uptake. How- 
ever, since only few cells burst, the effec- 
tiveness of G. A. in stimulating Douglas-fir 
pollen growth probably will not be im- 
paired, 


Summary 


1. Pollen was extracted from five groups 
of branches bearing male cone buds under 
the following conditions: hot-wet, hot-dry, 








cold-wet, standard (70° F. and a relative 
humidity of 66 percent), and a pre-chill lot 
in laboratory. 


2. Total pollen production was highest 


under the standard room conditions, and 
the least was produced from the lot pre- 
chilled for 33 hours at 35° F. then extract- 
ed in the laboratory. 


3. Pollen collected in all rooms during 


the first and the second day comprised al- 
most 90 percent of the total production. 
However, there was no pollen collected 
under the cold-wet extraction even after 
4+ days of incubation. 

4. Pollen collected from the hot-dry 
extraction seemed to have the fastest rate 
of germination at the end of 10 or 22 
hours’ incubation, whereas pollen extracted 
under the hot-wet condition exhibited 
lowest germination. 

5. The potassium salt of gibberellic 
acid at 10, 100, and 1,000 ppm caused 
significantly more pollen tube growth. 
G. A. treatment also enhanced a more 
advanced cytological development than the 
control. These effects indicated the possi- 
bility of increasing seed setting by such a 
treatment. 
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The Overwintering of the Ambrosia Beetle 





Trypodendron lineatum (O/iv.) 


Most BARK AND AMBROSIA BEETLES pass 
the winter in brood galleries in trees or logs 
that have served as their hosts. However, 
a few species seek shelter for this period 
elsewhere, and of these, Trypodendron 
lineatum (Oliv.) isan example. The over- 
wintering site of this ambrosia beetle re- 
mained unknown until Hadorn (1933) 
discovered that when it leaves its brood log 
it flies or drops to the ground and enters 
the forest litter or duff. His data also 
showed that beetles, upon leaving roadside 
brood logs passed the winter a short dis- 
tance within an adjacent stand. 

Other work on the overwintering of bee- 
tles of the genus remains scanty. Swaine 
(1933) mentioned that species of Trypo- 
dendron overwinter in the litter, without 
giving any details. Leach et al. (1940) 
stated that T’. retusum vacated brood gal- 
leries in poplar before winter, but they 
failed to find its hibernating site. Groschke 
(1953) discovered Trypodendron (Xylo- 
terus) stgnatus Fbr. passing the winter in 
the abandoned galleries of anobiid larvae 
in thick oak bark. 

In North America, several species have 
been considered distinct from the Euro- 
pean T°. lineatum, but Wood (1957) re- 
cently revised the classification of the group 
and declared this species to be holarctic in 
distribution. Therefore, Hadorn’s findings 
should also apply to the North American 
form. 






BY 
J. M. KINGHORN 
J. A. CHAPMAN 


T'rypodendron populations in British Co- 
lumbia’s coastal forests are perennially 
large. Damage to sawlogs by these beetles 
results in considerable degrade of lumber 
with consequent economic loss. Lack of 
adequate population sampling techniques 
has made it difficult to assess both natural 
and applied factors governing population 
abundance. The studies reported here are 
contributions toward a sampling method 
which can be used during the relatively 
long overwintering period when popula- 
tions of this species remain stationary. The 
alternate patches of logged and uncut for- 
est characteristic of west coast logging pre- 
sent many opportunities to investigate the 
distribution of hibernating beetles in rela- 
lation to breeding sources and standing for- 


ests (Fig. 1). 


Methods 


Recovery Techniques 


The simple heated-pan method described 


Contribution No. 479, Forest Biology Divi- 
sion, Science Service, Department of Agricul- 
ture, Ottawa, Canada. The authors are sta- 
tioned at the Forest Biology Laboratory, Vic- 
toria, British Columbia. Mr. R. R. Lejeune, 
Officer-in-Charge, Dr. L. H. McMullen, and 
Dr. W. G. Wellington of the Victoria Labora- 
tory offered many helpful suggestions in the 
preparation of the manuscript. The graphs 
were prepared in final form by Miss S. Lee. 
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by Hadorn was used for removing beetles 
from duff in most of these studies. Duff 
is rubbed through one-fifth inch wire mesh 
into a pan and heated to about 35° C. 
(95° F.) by a water bath. The screening 
scatters the duff more evenly and removes 
Motionless 
beetles are difficult to see, but as the tem- 


twigs, coarse moss, and cones. 


perature of the screened duff rises they 
commence to move and are then easily seen 
and recovered when the pan is well illumi- 
nated. A test using duff containing known 
numbers of beetles showed that a high pro- 
portion of beetles are recovered by this 
method. From one to 48 beetles were 
placed in several samples of beetle-free lit- 
ter, and of a total of 275 beetles, 254 or 
92.5 percent were found. The lowest re- 
covery from any one sample was 84.6 per- 
cent. Both teneral and parent adults were 
used. It was noted, however, that recovery 


was lower in field-collected samples that 





FiGureE 1. 
od common in coastal forests, Clear-cutting 


Type of terrain and logging meth- 


in patches creates many forest marginal situ- 
ations similar to that shown in the mid- 
A duff sample transect cas run 
across the felled area in the foreground and 
into the uncut fe rest to the left ( Fig. 5B). 


ground, 


Forest Science 


82 | 


100 


- 


r 
OX SERIES TM APRIL 20-25. fe cee 


80 






o**" MISERIES TL NOV. 26- JAN 3 


40 


‘ 
! 
! 
' 
! ol 
! wm SERIES I. OCT. 28- NOV, 28 
' 
t 


20 


PER CENT RECOVERED 
a 
fe} 


' 3 10 1s 20 25 30 35 


TIME - DAYS 


FIGURE 2. 
of Try podendron placed in duff in shallox 
trays darkened except for a lighted collect- 
ing etal, Only heetles taken from duff in 


Recovery rates of known numbers 


early spring emerged quickly. 


were very wet. Examination of material 
not passing through the screen showed that 
very few beetles are lost in this way. 
Various other methods of recovering bee- 
tested. A modified 
Berlese funnel proved to be slow and un- 


reliable. 


tles from duff were 
Various types of darkened con- 
tainers were tried in which the only light 
was provided at collecting vials; when the 
beetles crawled to the light they were eas- 
ily recovered and counted. Known num- 
bers of beetles were placed. in duff in shal- 
low trays (24x 24x 2 inches) with one 
collecting vial for each tray. Rates of emer- 
gence at room temperature of three series 
of field-collected beetles introduced Octo- 
ber 28, November 28, and April 20, are 
shown in Figure 2. A few beetles quickly 
emerged from the two winter series, but 
the remainder came out of the duff over a 
period of several weeks. It appeared as 
though their emergence was associated with 
gradual drying of this material. ‘There was 
third 
started in spring; within one day over 80) 


a marked difference in the series 


percent of the beetles were recovered. 
Thus, it appears that for large-scale sam- 
pling projects, apparatus depending on a 
photopositive response by the beetles should 


be restricted to duff collected in spring. 
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Although the heated-pan method is slow, 
it provides reliable information on numbers 
of beetles in duff. 


Field Sampling Techniques 

Some of the first samples taken were of a 
fixed surface area, and consisted of all lit- 
This 


type of sample was difficult to use where 


ter and humus above mineral soil. 


quantitative data were required from duff 
around and between root collars of stumps 
and standing trees. Moreover, it appeared 
that few beetles occurred in duff contain- 
ing a high percentage of rotting wood or 
where thick moss covered the ground, In 
order to reduce variation due to differences 
in ground cover when attempting to dis- 
cern distribution of beetles, samples of equal 
volumes of duff, rather than of equal areas 
were used. These samples usually consist- 
ed of about the upper one-half inch of 
partly decomposed organic matter from 
areas not densely covered with small plants. 
The precision gained by sampling relative- 
ly uniform strata more than compensated 
for the greater difficulty of gathering equal 
volumes of duff. 


Results 


Distribution of Hibernating Beetles 

Initial dispersal. Both parent and young 
adults abandon the galleries of the first at- 
tack period after about mid-July (Chap- 
man and Kinghorn, 1958). Pans filled 
with oil and water placed beneath infested 
logs showed that many emerging beetles 
dropped from logs to the ground; further- 
more, some beetles can usually be found in 
duff beneath attacked logs late in the sea- 
son. Comparison of numbers taken by col- 
lecting pans with those from adjacent duff 
indicates, however, that many beetles move 
after 
Emerged beetles when released on duff 
laterally 
through the loose surface material while 


away dropping to the ground. 


soon dispersed. Some moved 
others flew away. Flight is possible at this 
stage in the life cycle but it is apparently 
not as sustained as in beetles flying to at- 
tack logs in spring (Chapman, 1958). 





When boxes filled with duff, sawdust, 
or gravel, or pieces of thick Douglas-fir 
bark were enclosed with infested logs in a 


small, well ventilated room, the emerging 
beetles did not enter any of these materials 
in numbers. Many went to one sunlit wall 
made of cotton cloth, while others clus- 
tered beneath the boxes and in other se- 
cluded moist crevices. 

It may be assumed from these consider- 
ations, and from the large populations of 
beetles found in uncut forest near attacked 
logs, that most Trypodendron 
from the logs after they leave their brood 


dispe rse 


galleries. The problem becomes one of de- 
lineating the extent of dispersal and the 
sites. As 


shown by Hadorn, and by evidence given 


preference of overwintering 
in the following sections, most beetles mi- 
grate to the nearest forest after they 
emerge. The possibility of post-emergence 
feeding similar to the leaf crotch feeding 
of bark beetles of the genus Scolytus was 
considered, although it seemed unlikely 
when it was found that the intestinal tracts 
of beetles just entering the duff were 
empty. The foliage of four pole-sized 
Douglas-fir in a stand containing many 
brood logs was sprayed with benzene hexa- 
chloride just prior to emergence of beetles 
from these logs in August. Cloth trays 
placed beneath the sprayed crowns failed to 
recover any ['rypodendron. A few Dolur- 
gus pumilus Mann. were the only scolytids 
taken. 


Depth distribution. From autumn to spring, 
beetles remain near the surface of the litter. 
Penetration into, or through the compacted 
organic layer is the exception. Most ap- 
pear to rest in the loose decomposed layer 
above compacted humus, but below the 
superficial covering of partly decomposed 
leaves. The data given in Table | support 
this view. They are the results of ten con- 
tiguous one-square-foot samples taken along 
lines running out from the bases of two 
Douglas-fir trees. As duff is gathered, some 
insects may fall through to the next layer 
so that data on depth distribution are thus 
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biased towards higher numbers in the lower 
layers. Therefore, at least two-thirds of 
the beetles were in the upper one-half inch 
of duff in these situations. In passing it 
should be mentioned that the organic layer 
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Ficure 3. Distribution of hibernating Trypo- 
dendron in relation to standing trees, Con- 


sult Table 1 for layer depths of A and B. 


84 / Forest Science 





was fully three inches deep near Tree I. 
Beetles had ample opportunity to burrow 
deeper without encountering compacted 
mineral soil. 

An interesting observation pertinent to 
this topic is that, in spring, beetles migrate 
toward the surface of piled litter. Fre- 
quently when duff is collected and stored 
in buckets for a short time, many of the 
The 
proximity of beetles to the surface of the 
duff provides an explanation for their early 


beetles move up near the surface. 


appearance in spring. 


Relation to standing trees. In the spring 
of 1955, when several feet of snow still 
covered ground harboring a large Trypo- 
dendron population, the only duff that 
could be collected easily was next to the 
bases of standing trees where the snow had 
melted. Beetles were so numerous com- 
pared with previously examined samples 
from between trees that a non-random dis- 
tribution was suspected. In the initial at- 
tempt to assess this difference, paired duff 
samples were collected three feet from, and 
immediately at the base of trees. Nine of 
13 pairs showed greater numbers at the 
base, with a total of 382 beetles recovered 
from basal samples and 168 from those 
three feet away. Figure 5B also shows 
this concentration of beetles at the bases of 
trees where litter had accumulated. 

The contiguous samples starting at the 
bases of two trees mentioned in the previous 
section helped to clarify the nature of this 
distribution. These recoveries (Fig. 3 A,B) 


TABLE 1. Depth distribution of 


overwintering Trypodendron in duff. 





Tree II 


No. Percent 


Approximate Tree I 
depth (inches) No. Percent 


0-0.5 310 67.3 


208 65.2 
0.5 - 1.0 133 28.8 100 31.4 
1.0-2.5 18 3.9 11 3.4 


Totals 461 100.0 319 100.0 
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show that beetles were distributed similarly 
in relation to tree position in both the sur- 
face and the next lower layer. The data 
show concentrations of specimens near the 
trees; these are even more pronounced 
when the number of beetles found in small 
irregular areas abutting the trees are con- 
verted to values per square foot, and the 
whole plotted as a percentage distribution 
(Fig. 3C). In Figure 3, these irregular 
areas are designated as “‘A” on the ordinate, 
but because of the flaring of roots of both 
trees, the areas of the lower layers were 
almost nil compared with 0.58 and 0.42 
square-foot for the surface layers of I and 
II, respectively. Differences between the 
two sets of samples are also evident. A 
much lower proportion of the total beetles 
recovered occurred at the base of Tree I. 
A deep layer of humus surrounded this tree, 
while the organic layer covering mineral 
soil was less than one inch thick next to 
Tree II. Litter as shallow as this frequent- 
ly becomes extremely dry in late summer. 


Relation to forest margins. Just before the 
advent of warm weather in the spring of 
1955, a series of overturned cardboard 
boxes was placed on litter, and sealed ex- 
cept for a single hole where a collecting 
bottle was inserted. Four boxes, each cov- 
ering about one square foot, were placed 
at sampling stations spaced at 20-foot inter- 
vals along a line transect extending from a 
point in the logging slash 120 ft. from the 
edge of the clearing to 200 ft. within the 
adjacent forest. Daily collections over’ the 
period of spring emergence provided the in- 
formation given in a later section, as well 
as the data shown in Figure 4B. Each 
point on the graph represents all beetles re- 
covered from the four boxes at that station. 
The low numbers of beetles in the slash 
area contrasts markedly with those from 
within the forest. When compared with 
Hadorn’s data (Fig. 4A) which is the 
sum of beetles recovered from two lines of 
contiguously placed one-square-meter sam- 
ples, the population was relatively high at 
this site. 
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Ficure 4. Distribution of Trypodendron rel- 
ative to forest and clearing. A. Reproduc- 
tion of Hadorn’s results (1933). B. Beetles 
recovered from emergence boxe 
over the duff. 
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During the preceding summer window 
flight traps had been set up near this sam- 
ple line (Chapman and Kinghorn, 1958). 
Catches during the time of spring attack 
were greatest from traps placed in the clear- 
ing, but during the period of emergence 
from logs, the traps within the forest took 
an increasing proportion of the total beetles 
caught (Table 2). 

In the situation studied by Hadorn, the 
beetles penetrated the forest no farther 
than 23 m. (75 ft.), but each of the several 
sample transects we have made into a forest 
surrounding attacked logs in clearings has 


TABLE 2. Seasonal window trap 
catches of Trypodendron in a logged 
clearing compared with those within a 
nearby forest. 


Number of beetles 





Month Logged clearing Forest 
May 3962 2204 
June 192 91 
July 260 318 
August 32 234 


September-October 6 163 
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northerly aspect, samples were collected at 
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considerably penetration. 25-foot intervals across the slope from the 


sheltered slash into the nearby timber (Fig. 5A). 


A few beetles were still present in samples 
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350 ft. within the margin. Beyond this 
point the forest was partly opened due to 
recent fire and the terrain became even 
more irregular. These samples were of a 
uniform volume of about 250 cu. in. and 
were collected from between trees. It 
should be noted that in this case, very few 
beetles were found between the logs in the 
cleared area. By contrast, they were rela- 
tively numerous in samples collected from 
beneath logs, particularly those that were 
more than 100 ft. from the edge of the 
forest. 

In another situation, a line transect was 
run normal to the timber margin and more 
or less perpendicular to the slope. In the 
clearing, and for the first 400 ft. into the 
forest, the sample interval was 25 ft.; be- 
yond that point the interval was doubled. 
Fixed-volume samples of about 300 cu. in. 
were gathered from between and beneath 
logs in the clearing, and from between 
trees and from the uphill (shaded) sides of 
trees nearest the 25-foot sample points in 
the forest. At 100-foot intervals samples 
were also taken from the downhill (ex- 
posed ) sides of the sample trees. Unlike 
the foregoing situation, the exposure of this 
slope was southwesterly and by late sum- 
mer, when the beetles were moving to 
overwintering sites, the ground between 
and beneath logs was relatively dry. Prob- 
ably for this reason little difference is indi- 
cated between samples taken in the clear- 
ing (Fig. 5B). 
tles were taken from the relatively thick, 
moist duff on the uphill sides at the bases 


A great many more bee- 


of trees, than from the downhill sides or 
from between trees. In the latter case, the 
duff formed only a thin, dry layer covering 
mineral soil. Differences between uphill 
and downhill sides were negligible towards 
the end of the transect where the clearing 
was not visible and the slope had decreased. 
After this set of samples was taken on Au- 
gust 26, 1957, another series was collected 
on September 24 from the uphill sides of 
trees adjacent to trees on the first line. “The 


two sets of data agree quite well. Their 


similarity indicates that most beetles in that 
area were in hibernation by the end of 
August. 

The second of the transects just men- 
tioned was continued 400 ft. beyond the 
first. As shown in Figure 5B, beetles were 
still found 1,000 ft. from the clearing. A 
final sample was gathered from the base of 
a Douglas-fir on a ridge some 500 ft. be- 
yond the end of the transect line and sep- 
arating the small valley of our sample area 
from a larger drainage. Although five 
beetles were found in this sample, they may 
have flown from an unknown. breeding 
source in either drainage. 

In the mountainous terrain in’ which 
most current logging operations are carried 
out on Vancouver Island, it is difficult to 
find forest margin situations that offer the 
combined conditions of adjacent high source 
population, uniform forest type, and un- 
broken topography. Conditions approach- 
ing this ideal, however, were found at a 
logging operation in a stand situated ona 
flat alluvial outwash. At least 20 acres of 
felled Douglas-fir had been attacked by 
Trypodendron during the spring of 1957 
and all logs had remained on the ground 
throughout the brood emergence period, 
‘To the south of the felled logs a zone 
1,300 ft. wide of large overmature Doug- 
las-fir remained standing. Beyond this was 
an area which had been clearcut and logged 
several years earlier and thus did not pro- 
vide a current source of beetles. Fixed- 
volume samples of 300 cu. in. of duff were 
collected from the bases of these large trees 
at intervals of 50 ft., up to 200 ft. from 
the edge of the forest, and at 100-foot in- 
tervals through the remainder of the stand. 
The resulting data (Fig. 5C) indicate 
the tremendous population overwintering in 
this stand. Maximum numbers were found 
deeper within the timber than in any other 
situation studied; only beyond the 700-foot 
point did the numbers consistently decrease. 
Perhaps the more open nature of this stand 
of large trees explains the greater penetra- 
tion of the beetles into the forest. A very 
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interesting feature of these data is that as 
the second cleared area was approached, the 
density of beetles again increased. This 
indicated either that beetles which had 
flown through the forest dropped to the 
ground as they approached the second clear- 
ing, or that this forest border served as a 
sheltered site for other migrants coming 
from a more southerly and unknown 
source. A sample collected from between 
logs 100 ft. from the forest edge in the 
population source area yielded three beetles, 
while only one was found in a sample from 
the base of a nearby stump. 


Overwintering Mortality 

Duff provides a well protected overwinter- 
site for beetles. Even in late summer shad- 
ed duff remains relatively cool and moist. 
Through the winter the beetles are gener- 
ally protected from severe low temperatures 
by snow cover. Duff also offers protection 
from certain predators, although the role 
of staphylinids and other predacious arthro- 
pods is not known at this time. 

To obtain an indication of winter mor- 
tality, a checkerboard arrangement of 2 x 2 
ft. plots was laid out on a fairly uniform 
surface in a forest area known to have a 
high beetle population in the duff. Alter- 
nate plots were sampled on November 10, 
1955, and the intervening ones on May 22, 
1956, before the beetles had left their over- 
wintering quarters. Six autumn-sampled 
plots gave an average yield of 25.0 ($.D.— 
7.1) beetles and those examined in spring 
(restricted to four by a snow bank) aver- 
aged 23.5 ($.D.—15.6). 

MacAloney (1930) in writing of the 
similar overwintering habits of the white 
pine weevil, Pissodes strobi Peck states that 
lack of snow results in high mortality dur- 
ing hibernation. It is conceivable that much 
mortality could result in Trypodendron in 
a year when unseasonable low tempera- 
tures occur without a protective snow CoVv- 
er. Such a combination of conditions is un- 
likely to take place at all altitudes on the 
west coast, so that adverse winter weather 
has little chance of seriously reducing high 


88 / Forest Science 





populations over a wide area. The per- 
ennial nature of the ambrosia beetle prob- 
lem in this area is evidence in itself that 
these insects are not often subjected to cli- 
matic extremes. 


Length of Dormancy 

Hadorn (1933) demonstrated fairly con- 
clusively that this species has only one gen- 
eration a year but has two or more broods; 
our studies substantiate this. The second 
attack, made only by parent adults, usually 
starts by early July. All progeny of a given 
year and parent adults completing their at- 
tack activity for a season go to their hiber- 
nation quarters upon leaving logs. The be- 
ginning of the dormant period is signalled 
by emergence of beetles from logs without 
fresh attacks being made in an area. From 
flight and attack records and examination 
of duff samples from mid-summer en it 
can be stated that movement to hibernation 
quarters commences early in July and con- 
tinues as late as October. Although it is 
suspected that beetles may crawl through 
duff, or fly from one site to another before 
finally stopping for the winter, evidence to 
support this view is lacking. 

Spring activity of Trypodendron com- 
mences early in a given season. Window 
trap studies have shown that principal 
spring flight occurs when daily maximum 
air temperature exceeds 6()° F. (Chapman 
and Kinghorn, 1958). Large numbers of 
flying beetles are usually seen over logging 
slash from autumn felling during the first 
warm periods of spring. These mass flights 
coincide with the movement of beetles out 
of duff, as shown by comparison of daily 
collections from window traps and emer- 
gence boxes. When beetle numbers are 
plotted cumulatively, the close relation be- 
tween emergence and flight can be seen 
(Fig. 6). The two periods of mass emer- 
gence and flight in 1955 coincided with 
the relatively high temperatures of mid- 
May and early June. Presumably the les- 
sening of both emergence and flight after 
about June 10 represented the end of the 
period of emergence from duff. Upon close 
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inspection it will be seen that emergence 
slightly preceded flight activity. Some bee- 
tles were recovered from the boxes when 
the air temperature exceeded 55° F. but 
was below 60° F., although differences in 
temperature of air inside and outside the 
boxes may have occurred. Spring warming 
was unusually late in 1955. The first 
spring flights of T'rypodendren in this area 
frequently occur by mid-April. 

The lack of simultaneous emergence can 
be explained on the basis of differences in 
residual snow cover, altitude, direct sun- 
light, and responsiveness of individual bee- 
tles. On one occasion it was noted that 
beetles were emerging from duff warmed 
by direct sunlight around the bases of trees, 
while most of the ground in the area was 
still covered with snow two feet deep. 


Discussion 


In generalizing from the results, it seems 
evident that the beetles, upon leaving their 
brood logs, seek sheltered sites which offer 
relatively cool, moist conditions. Only a 
small proportion remain near or under the 
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Figure 6. Daily temperatures, and cumulative 
emergence and flight records of Trypoden- 
dron at a Cowichan Lake site in 1955. 


logs, but it is unlikely that those remaining 





do so because of their inability to fly. Our 
results show that many of these beetles can 
and do fly considerably farther than Ha- 
dorn’s data indicate. 

The significance of the forest margin to 
the beetles seems to be mainly one of near- 
est shelter from exposure. In the natural 
forest, wind-thrown patches of timber oc- 
casionally provide situations in which con- 
centrations of exposed brood logs lie next 
to well-defined forest margins. Most nat- 
ural breeding material, however, probably 
consists of scattered decadent or wind- 
thrown trees. The beetles from either of 
these sources would not have to fly at all 
to find suitable overwintering situations. 
This is apparently the case with Ips per- 
turbatus (Eichh.), a bark beetle which 
Watson (1927) found hibernating around 
the bases of brood trees. The beetles either 
crawled down the trunks from their tun- 
nels, or dropped directly to the ground. 
No evidence of post-emergence flight was 
noted. In contrast, flight of Try podendron 
before dormancy appears to be typical. If 
it is a basic part of their behavior pattern, 
an ability to orient to the forest margin sets 
the latter in the role of an important factor 
governing the dispersal of the species at this 
stage of its life cycle. Moreover, as Ha- 
dorn suggested, it may be possible tc reduce 
overwintering populations of Trypoden- 
dron by spraying or burning duff contain- 
ing concentrations of the beetles. 

It is interesting to note that a number of 
species of hibernating insects find shelter in 
the edges of forests. Weese (1924), after 
studying the movement of many insects 
(particularly Coleoptera and Hemiptera) 
in a forest location, remarked on the gen- 
eral autumn phenomenon of movement in- 
to the forest from surrounding open land 
and downward to the forest floor, with 
migration in the opposite sense in spring. 
Park (1930) while studying beetles in va- 
rious successional communities also noted 
the common occurrence of this inward and 
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downward movement of beetles in forests. 
‘Two examples of agricultural pests having 
a hibernation pattern similar to that of T'ry- 
podendron are the pea weevil, Bruchus pr- 
(Wakeland, 1934), and the boll 


weevil, Anthonomus grandis Boh. (Gaines, 
1932). 


sorurn Ry 


Beetles of both of these species 
usually fly, often for considerable distances, 
from their host plants in open fields to 
although 
some individuals of both species remain in 


forest borders for hibernation, 
accumulations of trash in the fields where 
they developed and along nearby fences. 

It is evident that all of our forest margin 
transect data have the same general form. 
Beetle density 
boundary to a peak within the forest and 


increases from the forest 


then declines. This is in contrast to the 
type of dispersal from an infestation center 
of twig-feeding, post-emergence adults of 
Scolytus multistriatus (Marsh.). Wadley 
and Wolfenbarger (1944) showed that 
density of this bark beetle was greatest ad- 
jacent to the source, and declined i 1 ap- 
proximate inverse proportion to the fae 
rithm of distance from the center. They 
reviewed earlier insect dispersal studies and 
stated that the distribution trend of Sco- 
lytus was similar to that found for several 
other insects. ‘They also pointed out that 
this theoretically tenable distribution could 
be modified by several factors, chiefly by 
the availability of suitable places for the in- 
With Trypodendron the ini- 


tial low density near the source appears to 


sects to stop. 


be caused by beetles continuing farther into 
the forest when conditions near the margin 
are not optimal. This could account for the 
zone of high density varying from about 

ft. in Hadorn’s investigation to more 
than 200 ft. in some of our distributions 
(Fig. 5). 

Although further study is needed of the 
characteristics of optimal hibernation sites, 
our results show that shaded, moisture-re- 
tentive soil contains higher beetle densities 
than more exposed soil nearby. The accu- 
mulations of duff at bases of trees, particu- 


larly on the shaded sides, provide these 
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TABLE Comparison of numbers 
of beetles overwintering in duff ac- 
cumulation around decayed stumps 
with numbers at the bases of nearby 
HRvINg | trees. 


Pair Number of beetles 


number Stump Tree 
I 7 18 
2 55 205 
3 10 13 
4 95 88 


conditions more than any other site in the 
forest in late summer. Duff accumulations 
appear to be more important in governing 
beetle density at the base of trees than any 
orientation effect involving the trees them- 
selves. This view is based on samples gath- 
ered from around the bases of four pairs of 
stumps and trees about 100 ft. within tim- 
ber next to a source of beetles. The stumps 
were the decayed remnants of trees long 
since dead, and were less than two feet 
high. The corresponding living tree of 
each pair was that one nearest the stump. 
Table 3 gives the results. Differences oc- 
cur but are neither consistent enough, nor 
large enough to suggest that beetles flying 
into the margin landed on, or oriented 
themselves by the standing trees before 
dropping to the ground. 

The location of peak densities relative to 
the edge of the forest, if governed chiefly 
by shi ade and moisture, will depend on the 
combined effects of aspect, slope, and stand 
density. Some of the differences found in 
the peak density position indicate this. Bee- 
tles concentrated close to the margin of the 
oe 
while the maximum penetration found i 


young, dense stand studied by 


our studies was in the relatively open, over- 
mature stand (Fig. 5C). This combined 
environmental effect is obviously an impor- 
tant one to consider in developing any type 
of duff sampling method. 
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Summary 


A large number of duff samples were ex- 
amined for overwintering Try podendron. 
In agreement with Hadorn’s work (1933) 
in Europe, it was found that overwintering 
Try podendron (Oliv.) leave 
their host logs and overwinter in the forest 
floor duff. Depth of penetration into the 
soil is slight; more than two-thirds of the 


limeatum 


beetles penetrate no deeper than one-half 
inch. A few overwinter beneath brood logs 
when these are in clearings, but most fly 
into nearby forests. ‘The density of hiber- 
nating beetles increases from the margin to 
a maximum that occurs 200 ft. or more 
within the forest. Most overwintering bee- 
tles are apparently located within a few 
hundred feet of the edge of the forest, al- 
though some have been recovered over 
1,000 ft. from the probable source. At any 
given distance, greatest numbers occur at 
the base of trees, but thickness of duff ap- 
pears to be the important factor rather than 
the trees themselves. 

Differences in the ground cover in a 
given location appear to influence numbers 
of beetles entering the duff. Although most 
beetles are in hibernation by the end of 
August, some continue to seek shelter until 
October. The beetles start to leave the 
duff early in spring; their exodus coincides 
with spring flights and warm weather. 
Movement of beetles in the duff may begin 
before, and at a slightly lower temperature 
than attack flight. 

The significance of the forest margin in 
relation to hibernation is discussed. The 
relatively greater exposure and lower mois- 
ture of duff closer to the edge of a stand 
of trees is suggested as the reason for lower 
densities of beetles there. In progressing 
inward from the timber boundary, and be- 
yond the zone of highest density, the dis- 
tribution of beetles apparently falls off in 
accordance with an apparently fundamental 
pattern of insect dispersal from a center of 
infestation. 
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Shade-Tolerance: A Revised Semantic Analysis 


By John P. Decker, Plant Physiologist, U. 8. Department of Agriculture 


The silvical concept shade-tolerance has been 
confused and at times even polemic.* That 
the confusion has been a barrier to productive 
research was indicated eloquently by Baker® in 
a paper that is exemplary for humility and 
subtle humor. Most difficulties arose from un- 
recognized linguistic problems rather than 
from problems of tree behavior.* The devel- 
pmental pattern of the major linguistic prob- 
lem involved is common to many terms in 
many disciplines: coin a useful adjective, shift 
to an abstract noun, extend the noun beyond 
operational definition. 

“Shade-tolerant” is a sound and useful tech- 
nical adjective. Only a few will misunder- 
stand a statement “western redcedar is shade- 
tolerant, that is, if one looks at old and undis- 
turbed forests on mesic sites within its natural 
range, he will often see several age classes of 
redcedar reproduction established under closed 
( inoptes. 

In shifting to an abstract noun the state- 
ment may become “western redcedar shows 
shade-tolerance.”’ This statement adds no fur- 
ther information, it is simply a restatement. It 
engenders no difficulty when it denotes “be- 
cause redcedar appears and acts in certain ways, 
I will label it as being shade-tolerant or as 
showing shade-tolerance.”’ It misleads when it 
fosters a question “‘what is shade-tolerance, it- 
self?” The “itself”? directs attention to the 
symbol as something apart from the situation 
symbolized, and the question is nonsense. 

The statement misleads also when “‘shade- 
tolerance” implies a basic single property of 
which any given set of observable properties 
ire only partial and outward manifestations. 


1Stationed at Arizona State College, Tempe, Ari- 
zona. This article was written and submitted privately. 
Opinions expressed are not necessarily shared by any 
other member of the Department. 

“Shirley, H. L. Is tolerance the capacity to en- 
dure shade? J. For. 41: 339-345. 1943. 

3Baker, F. S. Effects of shade upon coniferous seed- 
lings grown in nutrient solutions. J. For. 43: 428- 
435. 1945. 
Decker, J P. Tolerance is a good technical term. 
J For. 50: 40-41. 1952. 
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In the statements, “foresters have long sought 
the cause of tolerance, but with no conspicu- 
S 


ous success” and “the physiological basis of 


shade tolerance, however, is not well under- 
stood,’’® shade-tolerance is treated as a single 
property with a single cause or basis. There 
may be an explainable physiological cause for 
each definitive action of a shade-tolerant tree, 
but there is no reason to assume that any given 
cause is common to all or even to any two 
actions. 

A statement such as “‘the shade-tolerance of 
a tree determines its growth characteristics” is 
completely circular, Because a tree has certain 
growth characteristics, we label it as having 
shade-tolerance. Substituting this definition in 
the statement, we arrive at “the growth char- 
acteristics of a tree determine its growth char- 
acteristics.” In such usage “shade-tolerance” 
has become a panchreston or explain-all and 
an effective barrier to analytical thinking. 
Hardin™'® has stated the case against panchres- 
tons very lucidly, and no attempt will be made 
here to repeat or add to his discussion, 

[ concur with Shirley® in his recommenda- 
tion that “shade-tolerant” and “shade-toler- 
ance” should replace “tolerant” and “toler- 
ance” in our technical usage; but the concur- 
rence is based on entirely different reasons. 
The usage he recommended is still pseudo- 
analytical. He objected to one panchreston 
and proposed to substitute another for it, 
whereas the real confusion results from using 
any panchreston. 

My objection to “tolerant” and “tolerance” 
is that, as we foresters use them, these terms 
are technical jargon but are not easily identi- 


5Baker, F. S. Principles of silviculture. McGraw- 
Hill, New York. 414 pp. 1950. 

SLutz, H J. Applications of ecology in forest man- 
agement. Ecol. 38: 46-49. 1957. 

THardin, G. Meaninglessness of the word proto- 
plasm. Sci. Mo. 82: 112-120. 1956. 

SHardin, G. The threat of clarity. Am. J. Psychiatry 
114: 392-396. 1957, 

9Loc. cit. 
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fied as such by non-specialists in the field. The 
terms can be confused easily with their iden- 
tical homonyms of everyday language, and 
clarity of both languages is thus impaired. To 
label our jargon clearly, we probably should 
use the expressions “shade-tolerant” and 
“‘shade-tolerance.”” Shade, in this context, sym- 


bolizes broadly the situation found under for- 
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est canopies. Reduced light intensity is only 
the most conspicuous component of that sit- 
uation. Not all other components have been 
identified, and not all effects on plant growth 
have been evaluated, and the term is valueless 
for analytical usage, but this lack does not 


impair descriptive usage. 
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The Inorganic Nutrition of Loblolly Pine 
And Virginia Pine With Special Reference 
lo Nitrogen and Phosphorus 


FOREST TREES, and particularly pines, gen- 
erally are considered to be able to grow 
when supplied with relatively low amounts 
of mineral nutrients. Pines often invade 
land abandoned when it is too poor for 
further agricultural use. This invasion is 
especially characteristic of loblolly pine 
(Pinus taeda L.) and Virginia pine (P. 
irginiana Mill.) In fact, a common name 
of loblolly pine, old-field pine, is based on 
its habit of becoming established on aban- 
doned fields. Virginia pine is also frequent- 
ly found on road fills and cuts and on 
eroded lands as well as on naturally thin, 
poor soils. Little information exists, how- 
ever, concerning the level of nutrients at 
which these pines will grow and their re- 
sponses to increased amounts of nutrients. 

There have been few studies of the nu- 
trition of forest trees with nutrient or sand 
culture, and only two concerned with lob- 
lolly pine.* Addoms (1937) grew loblolly 
pine in nutrient culture with nitrogen at 

TSince this was written the authors have 
seen the article by Woodwell who found the 
optimum range of nitrogen and phosphorus 
for loblolly pine to be 75 to 600 ppm and 
40 to 600 ppm, respectively. See Woodwell, 
G. M. Factors controlling growth of pond 
pine seedlings in organic soils of the Caro- 
linas. Ecol. Monographs 28: 219-236. 1958. 





BY 
HARRY A. FOWELLS 
ROBERT W. KRAUSS 


levels of 136 and 156 ppm and phosphorus 
at 146 and 198 ppm. for 29 months and 
obtained good growth of the trees. This 
appears to be the only report of culture 
studies concerning nitrogen and phosphorus 
nutrition with this species. Davis (1949) 
employed nutrient solutions to study the ef- 
fect of calcium level on the development of 
loblolly pine. He noted that at 2 to 5 ppm 
of calcium, in contrast to 200 ppm, ter- 
minal buds were smaller, mitotic figures 
were smaller, needles were smaller in cross 
section with fewer and smaller cells, and 


Fowells is Staff Specialist, Division of For- 
est Management Research, Forest Service, 
U.S. Dept. of Agriculture, Washington, D. C. 
Krauss is Associate Professor of Plant Physiol- 
ogy, Botany Department, University of Mary- 
land, College Park. This report is derived 
from a thesis submitted to the Graduate 
School, University of Maryland, in partial 
fulfillment of the requirements for the Ph.D. 
degree. The authors are indebted to H. G. 
Gauch, Professor of Plant Physiology, Univer- 
sity of Maryland, for his helpful advice and 
to Edward Sucoff and Leonard Hare, graduate 
students in plant physiology, for their assistance 
in the greenhouse and laboratory. Members 
of the Southeastern Forest Experiment Station, 
Forest Service, collected the needle samples 
outside of Maryland, and Miss Theresa Hoer- 
ner, Forest Service, made many of the statis- 
tical analyses. 
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root tips were more blunt and rounded. 

Empirical evidence of the effects of fer- 
tilization on the growth and development 
of many species of forest trees helps in 
estimating requirements for any one spe- 
cies. In a nursery fertilization study, 
Switzer and Nelson (1956) noted that the 
dry weights of loblolly pine seedlings varied 
only with changes in the amount of nitro- 
gen added as fertilizer. Nitrogen concen- 
tration in the foliage was 1.33 percent 
when no fertilizer was added and 1.59 
percent when nitrogen was added at the 
rate of 300 pounds per acre. The phos- 
phorus concentration of the needles was 
0.19 percent with no amendments and 
0.18 percent when phosphorus was added 
at the rate of 300 pounds of phosphate, 
calculated as P2Os, per acre. According to 
Young (1948) in Australia, increasing the 
soil phosphate (the P2Os) up to 146 ppm 
resulted in increased growth of loblolly pine 
valued as equal to the cost of the fertilizer. 
The phosphate concentration of the needles 
ranged from ().145 percent to 0.319 per- 
cent after phosphate was added at rates of 
36 to 281 ppm. 

In another study in Australia, Richards 
(1956) reported that a minimum total 
P2Os phosphate content of 135 ppm in the 
surface soil is required for healthy growth 
of loblolly pine and that the optimum con- 
centration appeared to be about 210 ppm. 
Maki (1955) fertilized 6-, 9-, 12-, and 
16-year-old plantations of loblolly pine 
with nitrogen at rates of 0, 80, and 160 
pounds per acre and with phosphate at 
rates of 0, 40, and 80 pounds per acre. 
After 3 years, growth in diameter was sig- 
nificantly greater in the nitrogen fertilized 
trees than in the unfertilized trees. He ob- 
served no significant response to phosphorus. 

No reports concerning the reponse of 
Virginia pine to any nutrients have been 
published. 

Information from studies with other 
conifers is of additional assistance in eval- 
uating the nutritional requirements of 
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loblolly and Virginia pines. In a sand cul- 
ture study of the requirements of eastern 
white pine (Pinus strobus L.), Mitchell 
(1939) found that the deficiency level for 
nitrogen and phosphorus was 0 to 50 ppm 
for both elements, and the optimum range 
was 50) to 200 ppm for both elements. The 
toxic level of nitrogen was 350 ppm or 
more, and of phosphorus 400 ppm or more. 
Hobbs (1944) recorded the deficiency 
symptoms of white pine, shortleaf pine 
(P. echinata Mill.), red pine (P. resinosa 
Ait.) and pitch pine (P. rigida Mill.) 
when grown in sand culture without nitro- 
gen and without phosphorus. Nitrogen 
deficient trees were pale green. Trees defi- 
cient in phosphorus showed necrosis of the 
lower needles, which sometimes developed 
a purplish red color before becoming 
necrotic. Western redcedar (Thuja plicata 
Donn.) showed definite response to nitro- 
gen and to phosphorus in pot culture tests, 
according to Gessel et al. (1950). 

In plantations and natural stands, nitro- 
gen appears to increase diameter growth. 
Tamm (1956) observed that in 30-year- 
old Scotch pine (Pinus sylvestris L.) plan- 
tations fertilized with nitrogen at rates of 
0, 50, 100, and 200 kg per hectare, the 
increased growth leveled off between 100 
and 200 kg per hectare. Best diameter 
growth was related to a foliage content of 
2.0 to 2.5 percent. Gessel and Shareaft 
(1957) found that the diameter growth 
of Douglas-fir 
(Mirb.) Franco) increased during a 5-year 
period after a total of 350 pounds of nitro- 
gen was applied per acre. 


(Pseudotsuga  menziesti 


Phosphate fertilizers have also been 
found to increase growth of trees in plan- 
tations and in natural stands. For example, 
according to Kessel and Stoate (1938) in 
Australia, Pinus pinaster Ait. attained an 
average height of 27 feet in 11 years as 
a result of applications of 100 pounds of 
superphosphate per acre at 2- to 3-year 
intervals. Unfertilized stands stagnated at 
3 to 5 feet. Barnes and Ralston (1953) 
increased the height of slash pine (P. elli- 
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otti Engelm.) with 1—2 tons of phosphate 
per acre. Planted spruce in Germany grew 
significantly more in height when it was 
fertilized with phosphate at the rate of 60 
kilograms of phosphorus, as P2QOs, per 
hectare (Attenberger, 1956). 

There is an increasing amount of data 
describing the nutrient content of forest 
tree foliage on various soils and following 
fertilization. Analysis of the foliage of 
plants for an indication of the nutritional 
level of soil is widely accepted. Goodall 
and Gregory (1947) reviewed the status 
of foliar plant analysis and pointed out the 
superiority of the technique over soil analy- 
sis as a guide to plant requirements. Ulrich 
(1952) has also reviewed the more recent 
progress in this approach to soil and plant 
needs. 

The nitrogen concentration of Douglas- 
fir needles ranged from 0.91 percent in 
shallow gravelly soils to 2.1 percent in deep 
loam (Gessel and Walker, 1956). In one 
experiment the nitrogen content of the 
needles increased from 1.17 percent to 
2.45 percent after 280 pounds of ammo- 
nium nitrate and 320 pounds of ammonium 
sulfate were applied per acre. Roth and 
Copeland (1957) found an increase in 
the nitrogen content of shortleaf pine 
needles after nitrogenous amendments of 
various kinds. Walker et al. (1955) grew 
western redcedar in culture supplied with 
nitrogen at rates of 1.05 and 105 ppm and 
with phosphorus at 1.55 and 15.5 ppm. 
The foliar concentrations of nitrogen and 
phosphorus, calculated as POs, at the high 
levels were 2.94 and 1.09 percent, re- 
spectively, compared to 1.75 and 0.41 per- 
cent at the low levels. 

Tamm (1956) decided that Scotch pine 
stands were deficient in nitrogen when the 
nitrogen in the needles was in the range 
of 1.1 to 1.6 percent and phosphorus was 
less than 0.10 percent. He found that 
phosphorus concentration in the foliage did 
not exceed ().18 percent even in fertilized 
stands. In another trial with Scotch pine, 
Leyton and Armson (1955) found a sig- 





nificant correlation between height growth 
of the trees and nitrogen and phosphorus 
concentration in the terminal foliage. Nitro- 
gen concentration varied from 1.26 to 1.76 
percent and phosphorus from 0.14 to 0.21 
percent dry weight. Leyton (1956) found 
also a significant relation between the 
amount of nitrogen and phosphorus in the 
foliage of Japanese larch (Larix leptolepis 
Murr.) and height growth. 

Soluble phosphorus in the soil was directly 
related to seedling growth of eastern red- 
cedar (Juniperus virginiana L.) in Arkan- 
sas. The concentration of phosphorus in 
the foliage of seedlings and of mature trees 
was related directly to the concentration 
of phosphorus in the soils (Fletcher and 
Ochrymowych, 1955). 

Leaf and Keller (1956) found that on 
fertile soil the nitrogen and phosphorus 
concentrations of red pine foliage were 
0.74 percent and 0.15 percent, respectively. 
The nitrogen concentration of vigorous, 
green Douglas-fir foliage was 1.1 to 1.7 
percent compared with 0.6 to 0.8 percent 
for yellow foliage, according to Gessel and 
Walker (1956). 

Differences in sampling procedures for 
foliar analysis may have caused differences 
in opinion as to the usefulness of foliar 
analysis. Leyton and Armson (1955) 
point out that the foliage of the terminal 
was most indicative of differences. In New 
Zealand, Will (1957) found that the 
nitrogen and phosphorus concentration in 
needles of Monterey pine (P. radiata D. 
Don.) varied with their age and their loca- 
tion in the crown. White (1954) sam- 
pled foliage of white and of red pine at 
monthly intervals at different locations on 
the tree. Nitrogen was highest in July, 
1.45 percent, and was constant at about 
1.20 percent during the fall and winter. 
Phosphorus remained at about ().20 percent 
throughout the year. Nutrient contents 
were higher in the top of the crown than 
in the mid-crown. 

In the absence of definitive data on the 
growth of pines in controlled conditions, 
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the study reported here was designed to 
provide information on the nutrition of 
loblolly and Virginia pines grown in a re- 
producible experimental system. Specifically 
the purposes of the study were: to investi- 
gate and compare the growth of loblolly 
and Virginia pine at various levels of nitro- 
gen and of phosphorus; to determine suff- 
ciency levels of these elements for the two 
pines; to relate foliar concentration of the 
two elements to the substrate level and to 
growth and development of the pines; and 
to compare the foliar concentration of the 
two elements under different levels of 
treatment with those found in trees in for- 
ests of various productivities. 


Materials and Methods 


Plant material. 


loblolly and of Virginia pine were used. 


One-year-old seedlings of 


The loblolly pine seedlings had been grown 
in the Maryland State Forest Nursery, 
Harmans, Md., and the Virginia pine 
seedlings in flats in a greenhouse at the 
Plant Industry Station, Beltsville, Md. On 
the basis of a random sample of 30 trees, 
the average height of the loblolly seedlings 
was 10.4 cm. The dried tops and roots 
weighed 1.33 and 0.48 grams, respectively. 
The Virginia pine seedlings averaged 6.0 
cm in height and the dried tops and roots 
weighed ().94 and 0.97 gm, respectively. 
The nitrogen and phosphorus concentra- 
tions of the foliage, on a dry weight basis, 
were 1.40 and 0.22 percent for loblolly 
pine and 1.79 and 0.20 percent for Vir- 
ginia pine, respectively. 
Destgn of the study. 


the significance of differences associated 


To permit testing 


with treatments, the study was designed as 
a randomized block with three replications. 
Each replication contained 12 treatments 
of loblolly pine and 12 of Virginia pine. 
Six loblolly pine seedlings or six Virginia 
pine seedlings planted in a 5-gallon crock 
constituted a treatment unit. The crocks 
were filled with 18-mesh, white quartz 
sand which had been thoroughly washed 
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with distilled water prior to the time of 
planting. The heights of all seedlings were 
measured after planting. 

Nutrient treatments. The six levels of 
nitrogen and of phosphorus selected as 
treatments were 1, 5, 25, 100, 200, and 
400 ppm. For all treatments in the nitro- 
gen series, the phosphorus level was 100 
ppm. For all treatments in the phosphorus 
series, the nitrogen level was 100 ppm. 
Phosphorus was added as mono-potassium 
phosphate through the 100 ppm phosphorus 
treatment and nitrogen was supplied as 
ammonium nitrate. Mono-sodium phos- 
phate was used to increase phosphorus levels 
above 100 ppm. In this set of treatments 
the 100 ppm of nitrogen and the 100 ppm 
of phosphorus gave duplicate conditions. In 
order to provide a measure of the effect of 
the high sodium level used in the high 
phosphorus levels, the 100 ppm of phos- 
phorus treatment was altered to receive 
the same concentration of sodium that the 
400 ppm phosphorus treatment received. 
Concentrations of the macro-nutrients in 
the nutrient solutions are given in Table 1. 

Iron was added at the rate of 1 ml of 
0.5 percent ferric tartrate per liter of solu- 
tion. Boron, as HsBQOs., was added at the 
rate of 0.5 ppm; manganese, as MnC]1..- 
4H20, at 0.5 ppm; zinc, as ZnSO.4.4H20, 
at 0.05 ppm; copper, as CuSO4.5H20, at 
0.02 ppm; and molybdenum, as HeMo(s.- 
H20, at 0.01 ppm. 

The trees were irrigated at hourly in- 
tervals during the day with about 0.5 gal- 
lon of nutrient solution by means of the 
automatic irrigation system described by 
Gauch and Wadleigh (1943). Solutions 
were changed every three weeks and were 
adjusted each time to pH 5.5 with NaOH 
or HCl. 

To keep the trees growing in the nor- 
mally dormant period, daylight was ex- 
tended to 15 hours by means of incandes- 
cent lights, following the observation of 


Kramer (1936). 











Harvesting and analyses. ‘The trees were 
grown for 50 weeks and were then meas- 
ured and harvested. Full-grown needles 
from the terminals were collected separately 
from the other needles. Stems were cut 
from the roots at the sand line and the 
roots were carefully washed free of sand. 
Needles, stems, or roots of the trees in a 
pot were bulked to constitute a sample of 
the treatment. All fractions were dried 
4-7 days at 70-80°C. The needle samples 
were ground in a Wiley mill to pass a 
20-mesh screen and the roots and stems 
were passed through a hammer mill. Sam- 
ples for analyses were oven-dried at 7(- 
80°C. for 24 hours. All analyses are re- 
ported on an oven-dry weight basis. 
Total nitrogen contents of foliage, 
stems, and roots were determined by the 
semi-micro Kjeldahl method as modified 
by Ranker (1927). Samples were ana- 
lyzed in duplicate and were repeated if the 
difference between the duplicates was more 
than 5 percent of the average of the two 
values. For the phosphorus analyses sam- 
ples were ashed with magnesium nitrate 
and treated with vanadate-molybdate rea- 


gent, as outlined by Richards (1954). The 
concentration of phosphorus was deter- 
mined colorimetrically with a Bausch and 


Lomb colorimeter. 


Potassium, sodium, and calcium contents 
of foliage were determined by flame pho- 
tometry on a Beckman D U spectropho- 
tometer. For these determinations two- 
gram samples of the foliage were dry- 
ashed at 525°C. for 12 hours and the ash 
was taken up in 10 ml of 1:1 hydrochloric 
acid. The solution was dried on a hotplate 
and the crystals were dissolved in 10 ml of 
| hydrochloric acid and the solution 
diluted with distilled water. After filtration 
the solution was made to 100 ml with dis- 
tilled water. Aliquots of these solutions 
were diluted appropriately for the three 
cation determinations. 


Supplementary tests. During the experi- 
ments, the growth of the pines in 1 ppm 
of phosphorus caused some doubt as to the 
actual phosphorus level and prompted a 
search for possible contamination. The 


question of reliability of the level brought 


TABLE 1. Concentrations of chemicals in the nutrient solutions used in the sand 


ulture of loblolly and Virginia pines. 


Nitrogen and 
phosphorus 


Chemical 


levels, ppm NH,NOsg KH»PO, NaHePO, MgSO, CaCle KCI NaCl 
_— . , - Millimoles per itter 

1 N .0357 3.23 ! l ] 

5 N .1785 3.23 ] ] l 
25 N 8925 3.23 ] ] ] 
100 N 3.57 3.23 ] ] l 
200 N 7.14 3.23 1 ] | 
400 N 14.28 3.43 ] 1 l 

Ff 357 .0323 ] ] 3.1977 | 

5 - 3.57 1615 l l 3.0685 1 
25 P 3.57 .8075 1 1 2.4225 ] 
100 P 3.57 3.23 ] ] 10.69 
200 P 3.57 3.23 3.23 1 1 1 
400 P 3.57 3.43 9.69 1 1 ] 
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to light the fact that the solutions were be- 
ing contaminated by gravel used on top of 
the sand to inhibit growth of algae. Phos- 
phorus levels in the solutions thought to 
contain 1 ppm phosphorus were found to 
vary from 2 to 4 ppm and the other levels 
were correspondingly 1 to 3 ppm higher. 
The leachate of 100 grams of gravel in 
100 ml of 0.0001 molar nitric acid con- 
tained 2.5 ppm phosphorus. This concen- 
tration of acid was used to correspond with 
the acidity reached in the solutions at the 
end of a 3-week period—about pH 4.0. 

As a result of finding that the low-phos- 
phorus treatments, | ppm and 5 ppm, were 
substantially in error, another series of cul- 
tures was established. Again one-year-old 
loblolly and Virginia pine seedlings ob- 
tained from the Maryland State Forest 
Nursery were grown in sand culture. The 
average height and dry weight of the lob- 
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Figure 1, A, Heights of loblolly pine trees 
and of Virginia pine trees (in two experi- 
ments) grown in sand culture with various 
levels of nitrogen. B, Total weights of the 
same test trees. 
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lolly pines were 19.0 cm and 3.26 gm, 
and of the Virginia pines 13.0 cm and 1.87 
gm, respectively. The needles of loblolly 
and Virginia pines contained 2.0 and 1.8 
percent nitrogen, respectively, on a dry- 
weight basis. ‘The phosphorus concentra- 
tion in both species was 0.27 percent. 

Phosphorus treatment levels were 0, 
0.1, 0.5, 1, and 5 ppm. Other nutrients 
were supplied at the same levels as in the 
previous test. The trees were planted Jan- 
uary 27, 1957 and harvested October 13, 
1957. The treatments were duplicated for 
each species. Plant material was handled 
as in the previous test. In addition, the 
nitrogen treatments, | to 400 ppm N, were 
repeated in duplicate with Virginia pine to 
check the response to nitrogen. Trees from 
the same lot as above were planted May 18, 
1957, and harvested December 24. Plant 
material was treated as before. 

For an estimate of the nitrogen and 
phosphorus content of foliage under natu- 
ral conditions, foliage samples of loblolly 
pine were collected from two sites in 
Florida, 5 in Georgia, 5 in South Carolina, 
and 4 in Maryland. Virginia pine needles 
were collected from 5 sites in Maryland. 
Samples were obtained from the terminal 
growth of trees 3 to 5 feet high and were 
dried immediately after they were col- 
lected. 


Results and Discussion 
Growth 


The growth of both pines showed a well- 
defined response for the levels of nitrogen 
and phosphorus in the nutrient solutions. 
This response was evident in the amount 
of growth, character of foliage, and mor. 
phology of the root system. 


Response to nitrogen. Both pines respond- 
ed to increased amounts of nitrogen up to 
a point beyond which additional nitrogen 
apparently was not used in growth. For 
height growth a sufficiency level was 
reached between 25 and 100 ppm nitrogen 


(Fig. 1, A). 


The difference in growth 
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between these two levels is not significant 
and the trends of the data do not suggest 
that an intermediate level would have re- 
sulted in a substantially greater height for 
either pine. 

Total dry weight of loblolly pine was 
greatest in the 100 ppm nitrogen treatment 
(Fig. 1, B). This maximum weight was 
due to a larger amount of needles, since 
stem and root weights did not differ sig- 
nificantly from those in the 25 ppm nitro- 
gen treatment. 

The weights of the fractions of loblolly 
pine varied significantly with level of nitro- 
gen. The weight of the needles was greater 
in the 100 ppm nitrogen treatment than 
in the 1, 5, 25, or 200 ppm nitrogen treat- 
ments (Table 2). The difference between 
the needle weights in the 100 and 400 ppm 
nitrogen treatments closely approached the 
5 percent value arbitrarily set as the limit 
of significance. The weights of the stems 
and of the roots in the 100 ppm nitrogen 
treatment were significantly greater than 
the weights in the lowest and highest nitro- 
cen levels. 

The level of nitrogen did not affect the 
total weight of stems or of roots of Vir- 
ginia pine. The weight of needles of trees 
grown in the 100 ppm nitrogen culture 
was greater than that of trees grown in the 
1 or 5 ppm nitrogen culture. 

The ratio of top to root weight appears 
to be controlled by the supply of nitrogen. 
This ratio increased about twofold from 
the lowest to the highest nitrogen treat- 
ments (Table 3). In the nitrogen experi- 
ment repeated with Virginia pine, the ratio 
was 1.20 for trees in the treatment with 
1 ppm nitrogen and 3.98 for the 400 ppm 
nitrogen treatment. No trend existed in 
the phosphorus treatments in which the 
same amount of nitrogen was supplied. 

The root systems showed marked dif- 
ferences in development as a result of the 
amount of nitrogen supplied. Under the 
higher nitrogen levels, as with 100 ppm, 
the lateral roots were long and fleshy and 
short roots were elongated. Moreover, the 
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Figure 2. At top, root of loblolly pine grown 
in sand culture with 1 ppm nitrogen, show- 
ing coralloid branching h abit of mycorrhizal 
short roots. At botte m, roots of loblolly pine 
grown in sand culture with 100 ppm nitro- 
gen, showing root hai 

roots and lack of branching of short roots, 


; on long and short 





short roots were characterized by the pres- 
ence of root hairs (Fig. 2). In the | and 
5 ppm nitrogen treatments, roots were 
shorter, much less fleshy, and root hairs 
were absent. The short roots were con- 
spicuously dichotomously branched or of 
coralloid branching habit (Fig. 2). These 
short roots were determined to be ecto- 
trophic mycorrhizae.” 

“The presence and nature of the mycor- 
rhizae was confirmed by Dr. Edward Hacskay- 
lo, formerly with the Ornamental Crops Sec- 
tion, Agricultural Research Service, U. S. 
Dept. Agric., now with the Forest Service, 
Forest Physiology Laboratory, Beltsville, Md. 
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TABLE 2. Average dry weights of fractions of loblolly and Virginia pines 
grown in sand culture with various levels of nitrogen and of phosphorus. 


Average dry weights of fractions, in grams 


Nitrogen and Loblolly pine 


phosphorus 
levels, ppm Needles! Stems” 
1 N 4.3 2.6 
5 N 12.4 6.8 
25 N 14.4 8.9 
100 N Z12 LZ.7 
200 N 16.0 6.3 
400 N ee 5.6 
i? 33.0 18.4 
5 P Ae 73 
23°? 31.1 16.0 
100 P 34.4 f.7 
200 P 26.9 13.0 
400 P ick 8.8 
IL.S.D. 5 percent, 11.8 gm; 1 percent, 18.1 gm. 
2L.S.D. § percent, 6.8 gm; 1 percent, 9 


3L.$.D. § percent, 6.1 gm; 1 percent, 8. 


8 

2 
> gm. 
2 

5 gm. 
5 


4L.S.D. 5 percent, 5.5 gm; 1 percent, 7.5 gm. 


”*Treatments not significant. 


Trees supplied with 1 or 5 ppm nitro- 
gen showed definite symptoms of nitrogen 
deficiency. Needlles were short, stiff, and 
yellowish in color in contrast to the dark 
green of treatments with more nitrogen. 
In the highest nitrogen treatments, needles 
were very dark green and tended to be 
long and succulent. This was particularly 
noticeable with needles of Virginia pine on 
high nitrogen. These were 5-6 inches long 
with little resemblance to the stiff, short 
needles observed under natural conditions. 


Response to phosphorus. The two pines 
grew well at low levels of phosphorus. The 
heights of both species in the treatment 
with 1 ppm phosphorus were significantly 
greater than or practically equal to the 
heights in the other phosphorus treatments 
(Table 4+). The height of the loblolly trees 
supplied with 400 ppm phosphorus was sig- 
nificantly less than in the 5 and 25 ppm 
treatments. Inhibition was suggested in 
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Virginia pine 


Roots* Needles* Stems” Roots” 
4.5 3.4 1.8 5.7 
10.6 4.4 aed 5.35 
10.1 9.7 4.0) i 
35.3 13.3 3.9 8.2 
10.0 8.4 Be 4.6 
y 8.6 2.4 5.3 
19.1 11.9 3.9 6.8 
15.5 9.3 3.3 6.5 
16.6 12.6 34 6.4 
16.1 28 4.4 6.6 
14.7 8.8 ao 5.1 
11.8 8.4 2.4 5.6 


the Virginia pine but the differences were 
not significant at the 5 percent level. In 
the second experiment, at lower levels of 
phosphorus, height was definitely greater in 
the 1 ppm phosphorus treatment than in 
other treatments. Total dry weight of 
loblolly pine in the treatment with | ppm 
phosphorus was greater than, or approxi- 
mately equal to, dry weights in the other 
treatments. 

That loblolly and Virginia pines grew 
so well at low levels of phosphorus is not 
at all in agreement with the results of 
Mitchell (1939), which indicated that for 
white pine phosphorus was deficient at levels 
less than 50 ppm. These pines may actu- 
ally have markedly different requirements, 
but differences in technique could explain 
the disparity in results. In the white pine 
study 27 trees were grown per pot and 
they were watered with slop culture only 
2 or 3 times daily. Thus there may have 
been much more competition for phos- 
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phorus than in the current study with lob- 
lolly and Virginia pines. Some agricultural 
crops, such as corn, barley, and tomatoes 
grow very well with phosphorus levels be- 
low 1 ppm, provided the level is con- 
stantly maintained (Arnon, 1953). Cot- 
ton, however, has a higher requirement, 
growing only one tenth as much at 2.6 
ppm as at 20 ppm phosphorus (Ergle and 
Eaton, 1957). Citrus trees also have a 
higher requirement, according to Chap- 
man and Rayner (1951), who found that 
2.5 to 3.5 ppm POs was insufficient for 
citrus while 18-20 ppm resulted in healthy 
trees. 

Early abscission of foliage, resulting in 
sparseness, was the only evidence of phos- 
phorus deficiency in the current study. 
‘These symptoms were obvious in the treat- 
ment with 0 and 0.1 ppm phosphorus. The 
common symptom of phosphorus deficiency 
in pines, purplish foliage, was not evident. 

Phosphorus level also affected the mor- 
phology of the roots. In the treatments 
with 0, 0.1, and 0.5 ppm phosphorus, both 
species had short roots which were con- 
spicuously dichotomously branched. This 
is typical of mycorrhizal formation. In the 
1 ppm phosphorus treatment there were a 
few branched short roots. The unbranched 
short roots were without root hairs in 
loblolly but with root hairs in Virginia 
pine. At levels of 5 ppm phosphorus and 
higher, mycorrhizal short roots were non- 
existent or scarce on both species and, root 
hairs were profuse. 

The occurrence of mycorrhizae on roots 
of trees supplied with low levels of phos- 
phorus and nitrogen is in agreement with 
the findings of Hatch (1937). He con- 
cluded that mycorrhizae would be present 
on tree roots whenever certain inorganic 
nutrients such as phosphorus, nitrogen, and 
potassium were present in low concentra- 
tions and that they would not be present 
in very fertile soils or adequately supplied 
cultures. 

If it is assumed that root systems bearing 
mivcorrhizae are desirable in forest planting 





TABLE 3. Top/root ratios, dry 
weight basis, of loblolly and Virginia 
pines grown in sand culture with vari- 
ous levels of nitrogen and of phos- 


phorus. 


Nitrogen and Tov ae 

phosphorus ee 

Loblolly pine 
¥ | 


levels, ppm Virginia pine 


1 N 1.53 0.91 
5 N 1.81 1.30 
25 N 2.30 1.90 
100 N 2.68 2.10 
200 N 2.23 2.20 
400 N 3.22 1.89 
1 P 2.70 2.30 
5; P 2.76 2.02 
25 P 2.78 2.54 
100 P aaa 2.50 
200 P 2.70 2.22 
$00 P 2.54 1.83 


TABLE 4. Heights and total dry 
weights of loblolly and Virginia pine 
trees grown in two sand culture ex- 
periments with various levels of phos- 
phorus. 


Phosphorus Height Total dry weight 
level Loblolly Virginia Loblolly Virginia 
(ppm) (cm) (cm) (gm) (gm) 


EXPERIMENT I 


l 68.81 35.02 70.58 22.54 
5 74.9 30.0 59,7 19.1 
25 72.5 31.9 62.1 22.8 
100 69.8 33.7 68.3 23.1 
200 65.7 28.4 54.6 16.4 
400 59.9 27.2 41.4 15.1 
EXPERIMENT II 
0 54.0 61.6 25.6 18.6 
0.1 70.55 67.4% 63.06 48.06 
0.5 76.0 67.4 68.4 59.3 
1.0 97.4 81.6 72.3 63.7 
5.0 71.9 73.0 72.5 76.0 
IL.S.D. 5 percent, 11.9; L.S.D. 1 percent, 16.2. 
=L.S.D. 5 percent, 9.0; L.S.D. 1 percent, 12.2. 
$L.S.D. 5 percent, 23.2; L.S.D. 1 percent, 32.9. 


4Difference not significant. 

5L.S.D. 5 percent, 8.4; L.S.D. 1 percent, 12.5. 

6Differences not significant if 0 level data omitted 
from analysis. 
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FicureE 3. A. The relation of nitrogen con- 
centration in the upper foliage of loblolly 
and Virginia pines to nitrogen concentration 
in the nutrient solution. B, Similar relation 
with respect to phosphorus concentrations, 


stock, the existence of mycorrhizae only 
at low levels of nitrogen and phosphorus is 
significant for forest nursery practice. The 
low top/root ratios in the trees at low nitro- 
gen levels are also significant. Over-fer- 
tilization of forest nurseries thus could pro- 
duce topheavy trees with undesirable roots. 


Response to sodium. Although the effect 
of sodium level was a minor part of the 
study, some data were derived from the 
study of phosphorus levels. Sodium was 
added to the 100 pom phosphorus treat- 
ment to equal the total sodium concentra- 
tion of the 400 ppm phosphorus treatment. 
Loblolly and Virginia pines were not in- 
hibited by the amount of sodium added— 
10.69 millimoles per liter or 246 ppm. In 
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fact, both height growth and total dry 
weight of the two pines were essentially 
as good in this treatment as in any other 
(Table 4+). Thus the apparent depression 
of growth at the highest level of phos- 
phorus was not caused by the added sodium. 
Tt is still a question as to whether or not 
sodium is an essential element. However, 
the concentration of sodium in the other 
nutrient solutions was equal to that used by 
Wooley (1957)—one millimole of NaCl 
per liter—who obtained a 12 percent gain 
in yield of tomatoes over solutions with no 
added sodium. 


Uptake of Nutrients 


The concentrations of nitrogen and of 
phosphorus in the needles, stems, and roots 
were directly related to the concentrations 
of the elements in the nutrient solution. 


Nitrogen uptake. The concentration of 
nitrogen in the upper needles of loblolly 
pine varied from 0.88 percent in the treat- 
ment with | ppm nitrogen to 3.06 percent 
in the treatment with 400 ppm nitrogen. 
For the same levels in the nutrient solution, 
the concentration of nitrogen in the upper 
needles of Virginia pine was 1.16 and 
3.46 percent, respectively. These trends 
are shown in Figure 3, A. The nitrogen 
concentration in the remainder of the 
needles was slightly higher, varying from 
0.94 to 3.94 percent in loblolly pine and 
1.17 to 3.75 percent in Virginia pine 
(Table 5). 

In the phosphorus treatments, each of 
which received the same amount of nitro- 
gen, the concentration of nitrogen in the 
foliage was practically constant, with one 
exception. The nitrogen concentration of 
the foliage of loblolly pine in the treatment 
with 1 ppm phosphcrus was significantly 
lower than that of the other treatments. 
Shear, et al. (1948) observed that in tung 
trees with uniform nitrogen supply the 
nitrogen concentration was depressed in 
treatments given low dosages of phos- 
phorus. Two possible explanations are: 
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TABLE 5. 


phorus. 


Nitrogen and 
phosphorus 
levels, ppm 


1 
5 
25 


N 
N 
25 N 
100 N 
200 N 
400 N 
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to 


100 P 
200 P 
400 P 
IL.S.D. per 


5 
“L.S.D. 5 per 
*L.S.D. 5 per 


TABLE 6. 


Nitrogen and 
phosphorus 
levels, ppm 


1N 
5 N 
25 N 
100 N 
200 N 
400 N 
'F 
5 F 
25. 
100 P 
200 P 
400 P 
1L.S.D. 


5 
*=L.S.D. 5 
5 





Nitrogen concentration in needles, stems, and roots of loblolly and 
Virginia pine grown in sand cultures with various levels of nitrogen and phos- 
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Nitrogen concentration in dry material, in percent 
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0.27 
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Virginia pine 


Stems= 


0.69 
I1 
1.00 
1.13 
1.68 
2.01 
1.22 
1.12 
1.26 
1.16 
1.24 
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Phosphorus concentration in needles, stems, and roots of loblolly 
and Virginia pine grown in sand culture with various levels of nitrogen and 
phosphorus. 
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Phosphorus concentration in dry material, in percent 


Loblolly pine 


Stems= 


0.179 
.164 
s853 
ann 
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.204 


L.S.D. 1 percent, 0.196. 
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.290 
.274 
395 
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percent, 0.042; L.S.D. 1 percent, 0.156. 
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.380 
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.254 
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317 
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.390 
.520 











(1) that low phosphorus resulted in less 
energy available for active uptake of the 
nitrate and possibly the ammonium, and 
(2) that low phosphorus supply reduced 
the synthesis of chloroplastic, cytoplasmic, 
and nuclear proteins in the foliage. Nitro- 
gen concentrations in the stems and roots 
were lower than in the needles but followed 
the same trends (Table 5). On the aver- 
age, nitrogen concentration was higher in 
Virginia than in loblolly pine in the same 
treatments. 

Both loblolly and Virginia pine used 
practically all the nitrogen supplied in the 
1 ppm treatment, a total of 0.3 gm during 
the experiment. ‘The nitrogen in the 6 
loblolly trees per pot amounted to (0.427 
om, based on the weights of the fractions 
and the nitrogen concentration in- each 
fraction. The trees contained 0.153 gm at 
the time they were planted. This plus the 
(.3 gm supplied in the culture accounts for 
the nitrogen content of the trees. The 
original amount in Virginia pine, 0.205 
gm, plus the added 0.30 gm, is very close 
to the 0.514 gm found in 6 Virginia pine 
trees in the 1 ppm nitrogen treatment. In 
the second experiment with Virginia pine 
the 6 trees contained 0.151 gm nitrogen 
at the start of the test and were oiven 
0.175 for a total of 0.326 gm. At the end 
of the experiment, 6 trees contained 0.315 
gm. In the treatment with 5 ppm _ nitro- 
gen, the 1.5 gm nitrogen supplied plus the 
original amount exceeded only slightly the 
amount found in the 6 trees. In Virginia 
pine the total amount found was 0.998 
gm compared to a total supply of 1.705 
gm. In the second experiment with Vir- 
ginia pine, 6 trees in the 5 ppm nitrogen 
treatment obtained 0.796 gm of nitrogen 
from a supply of 0.875 gm. At higher 
concentrations the trees used progressively 
less of the amounts supplied. For loblolly 
pine, in treatments with 25, 100, 200, 
and 400 ppm nitrogen, the trees absorbed 
26, 21, 7.5, and 4.8 percent of the nitro- 


gen, respectively. 
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Phosphorus uptake. The concentration of 
phosphorus in the upper needles of loblolly 
and Virginia pine varied from (0.164 and 
0.181 percent, respectively, in the 1 ppm 
phosphorus treatment, to 0.422 and 0.572 
percent, respectively, in the 400 ppm 
phosphorus treatment. In the second ex- 
periment with phosphorus the percentages 
of phosphorus in the needles in the 1 ppm 
treatment were (0.145 and 0.112, respec- 
tively, for loblolly and Virginia pine. The 
trend of concentration of phosphorus in the 
needles is shown in Figure 3, B. Phosphorus 
concentrations in the stems and roots were 
lower than in the needles but followed the 
same trends (‘Table 6). 

The percentage of phosphorus in the 
needles in the treatment with | ppm nitro- 
gen was significantly greater than in treat- 
ments with greater amounts of nitrogen. 
This may be interpreted as resulting from 
decreased competition between the nitrate 
and phosphate ions. Van Goor (1953), 
working with larch, suggested that there 
was antagonism between nitrogen and 
phosphorus with nitrogen decreasing the 
uptake of phosphorus, and vice versa, This 
conclusion is not completely borne out by 
the results in the nitrogen series, where 
low phosphorus resulted in low nitrogen 
uptake. Another possible interpretation of 
the higher phosphorus concentration _ is 
the same amount of phosphorus being dis- 
tributed in less dry material. 

The total amounts of phosphorus in the 
loblolly and Virginia pine trees in the 1 
ppm phosphorus treatment were 0.586 
and ().242 gm, respectively, compared with 
the 0.3 gm supplied in the culture solution 
plus an initial amount of 0.024 and 0.023 
gm, respectively, in the two species. Con- 
tamination from the gravel, and perhaps 
other sources, apparently supplied the dif- 
ference between the ().562 gm taken up 
by the 6 loblolly trees and the 0.3 gm 
available in the culture solution. In the 
second experiment with phosphorus the 
total amount of phosphorus also exceeded 


— 


that which could be accounted for, since 
the loblolly trees apparently took up 0.403 
gym whereas only 0.225 gm was added 
during the experiment. Closer correspond- 
ence was found in the Virginia pines which 
obtained 0.310 gm from a supply of 0.225 
gm. In the 5 ppm treatment, loblolly and 
Virginia pines took up 0.565 gm and 0.275 
gm, respectively, in the first experiment, 
and 0.735 gm and 0.766 gm, respectively, 
in the second experiment. The total sup- 
ply was 1.5 gm in the first experiment and 
1.125 in the second. Uptake was relatively 
lower in the treatments with more phos- 
phorus, being only 12, 3.2, 1.7, and 0.9 
percent for loblolly pine in the 25, 100, 
200, and 400 ppm phosphorus treatments 
and 4.5, 1.6, 1.0, and 0.6 percent for 
Virginia pine in the same treatments. In 
the treatments given less than 1 ppm phos- 
phorus, more phosphorus was found in the 
plant than could be accounted for on the 
basis of the initial amount plus that added. 
There apparently was contamination in 
these low levels, such as from the distilled 
water or dust blown in from outside. 


Uptake of sodium, potasstum, and calcium. 
Trees in the treatment in which sodium 
was supplied in highest amounts contained 
much more sodium than in the other treat- 
ments (Table 7). The concentration of 
sodium in the foliage of trees in the 100 
and 400 ppm phosphorus treatments, both 
of which were supplied with sodium at the 
rate of 244 ppm, was from 0.124 to 0.322 
percent. All other treatments received so- 
dium at the rate of 23 ppm with the excep- 
tion of the 200 ppm phosphorus treatment, 
in which the rate was 97 ppm. In all of 
the nitrogen treatments the sodium con- 
centration in the foliage was from 0.044 
to 0.085 percent. 

The percentages of potassium in trees in 
the 1 and 5 ppm nitrogen treatments was 
significantly higher than in all other treat- 
ments except in those given 100 ppm phos- 
phorus with additional sodium (Table 7). 
The higher concentration in the low nitro- 
gen treatments might be explained on the 
basis of the lesser growth of trees in these 
treatments. The foliage in the 1 and 5 
ppm nitrogen treatments contained ().055 


TABLE 7. Concentration of sodium, potassium, and calcium in the foliage of 
loblolly and Virginia pines grown in sand culture with various nitrogen and 


phosphorus levels. 


Concentration, in percent 


Nitrogen and Loblolly pie 
phosphorus : 


levels, ppm Na K 
1 N 0.067 1.28 
5 N .076 1.14 
25 N .062 1.07 
100 N .057 .96 
200 N 079 79 
400 N O85 1.01 
1 P .074 85 
5; P 085 1.07 
25 P .059 1.04 
100 P 129 95 
200 P 072 .93 
400 P Jee 91 


Virginia pine 


Ca Na K Ca 
0.25 0.073 1.02 0.24 
me .069 92 ys 
.10 .050 ae 22 
oan 060 .64 19 
oat .046 69 19 
mY. 044 Se 18 
.14 O51 .64 19 
.19 .058 54 .22 
aaa O48 80 19 
ak .210 1.12 ome 
Bk .043 .64 19 
09 263 76 .16 
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gm of potassium compared, for example, 
with 0.154 gm in the 25 ppm nitrogen 
treatment. 

The concentration of calcium also was 
highest in the low nitrogen treatments, but 
here also the total uptake of calcium was 
less than in other treatments. The per- 
centage of calcium in trees was more or less 
constant in the phosphorus treatments. 
Competition between calcium, potassium, 
and sodium and the ammonium ion may be 
in effect here, but the observed differences 
in concentration are probably the result of 
differences in weight. 
Relation of foliar concentration of nitro- 
gen and phosphorus to growth. The con- 
centration of nitrogen in foliage of loblolly 
and Virginia pines with the best growth 
varied from 1.7 to 2.3 percent. Growth 
was limited when the nitrogen concentra- 
tion in the foliage was 1.2 percent or less, 
and foliar concentration over 2.3 percent 
indicated luxury consumption. These data 
agree with the findings of Leyton and 
Armson (1955) in that increased growth 
was accompanied by increased nitrogen 
concentration in the foliage up to the suf- 
ficiency level. The trend is not linear be- 
cause with luxury consumption of nitro- 
gen, growth Gessel, et al. 
(1950) noted that on the best sites the 
nitrogen concentration in Douglas-fir nee- 
dles was 2.1 percent, and Tamm (1956) 
concluded that a foliar concentration of 
1.1 to 1.6 percent indicated a deficiency. 

Best growth of the trees in the phos- 


dec reased. 


phorus culture series was coincident with a 
phosphorus concentration of 0.14 to 0.18 
percent in the foliage. In some treatments 
of loblolly pine, the phosphorus concentra- 
tions were as high as 0.62 percent. Less 
than about 0.10 percent may represent a 
deficiency. A similar level of phosphorus 


deficiency was indicated by Tamm _ for 


Scotch pine. 

Nitrogen and phosphorus in forest trees. 
The nitrogen concentration in the foliage 
of loblolly pines in forests varied from (0.87 
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to 1.52 percent. A difference of 0.11 per- 
cent between locations was significant at the 
5 percent level. Significant differences 
with respect to phosphorus concentration in 
loblolly needles were also found among the 
16 sample locations. The phosphorus con- 
centrations varied from 0.089 to 0.167 
percent and a difference of 0.016 percent 
was significant at the 5 percent level. 

The average concentration of nitrogen 
and phosphorus in the foliage of Virginia 
pine varied from 1.19 to 1.33 percent and 
0.122 to 0.158 percent, respectively, by 
locations. On 4 sites where Virginia and 
loblolly pines were intermingled, there was 
little difference between the two species 
with respect to foliar concentration of ni- 
trogen or phosphorus. The average con- 
centration of nitrogen and of phosphorus in 
loblolly pine foliage was 1.20 and 0.148 
percent, respectively, compared with 1.26 
and 0.140 percent in Virginia pine foliage. 

On the basis of these data and that from 
the trees grown in culture, it appears that 
loblolly and Virginia pines differ little with 
respect to their efficiency in absorbing ni- 
trogen and phosphorus. At the levels of 
nitrogen and of phosphorus which were 
deficient for growth, both pines accumu- 
lated all or nearly all the nitrogen and 
phosphorus available. At higher levels 
where there was “luxury” consumption, 
the concentration of nitrogen and _ phos- 
phorus was greater in Virginia pine but the 
total uptake was less. With respect to re- 
quirements for nitrogen and_ phosphorus 
these two pines have equal ability to exist 
on poor soils. 

The foliar analyses of trees growing on 
a variety of sites indicate that some areas 
are deficient with respect to available nitro- 
gen and phosphorus, and suggest the need 
of field tests to determine the feasibility of 
fertilizing with these elements. 


Conclusions 


On the basis of this study of the growth of 
loblolly and Virginia pines supplied with 
various levels of nitrogen and phosphorus 
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mation from naturally grown trees, the 
following conclusions may be drawn: 

1. Both loblolly and Virginia pine grow 
best when nitrogen is supplied at a constant 
rate of from 25 to 100 ppm. Inasmuch as 
there was so little difference in response 
between the two levels, nitrogen at 25 
ppm or a value between 25 and 100 may 
be assumed to represent a sufficiency level. 

2. A constant supply of | ppm of phos- 
phorus is adequate for the growth pf the 
two pines. 

3. There is no evidence of a difference 
between the two pines with respect to their 
requirements for nitrogen and phosphorus, 
Availability of these elements thus is not a 
deciding factor in the competition between 
these two pines on a given site. 

4. A concentration of 1.7 to 2.3 percent 
nitrogen and ().14 to 0.16 percent phos- 
phorus in the foliage of these two pines in- 
dicates satisfactory nutrition with these 
elements. 

5. Nitrogen deficiency is indicated by 
short, stiff, yellowish-green needles. 

6. Phosphorus deficiency is indicated by 
early abscission of the needles in trees 1 to 
2 years old. There may have been a trans- 
location of phosphorus to growing points 
which prevented the appearance of the 
purplish color frequently observed on the 
tips of young phosphorus-deficient pine 
seedlings. 

7. The presence of mycorrhizae may in- 
dicate a deficiency of nitrogen or phos- 
phorus. 

8. Sodium, as high as 250 ppm, does 
not adversely affect the growth or develop- 
ment of these pines. 

9. Judging by these data, the growth 
of some of the trees sampled under natural 
forest conditions is probably limited by de- 
ficiencies of nitrogen or phosphorus. 


Summary 


One-year-old loblolly and Virginia pine 


seedlings were grown in automatically irri- 
gated sand culture for 50 weeks to study 


their response to various levels of nitrogen 
A randomized block de- 
sign with 3 replications of each treatment 
was employed. The treatment levels of 
phosphorus and of nitrogen were 1, 5, 25, 
100, 200, and 400 ppm and 0, 0.1, and 
0.5 ppm phosphorus in a supplementary 


and phosphorus. 


study. Other macro- and micro-elements 
were supplied in concentrations commonly 
used in nutrient cultures and in the same 
amounts for all treatments. Six seedlings 
were grown in each pot of sand. The seed- 
lings were irrigated hourly each day from 
0700 to 2100. A day length of 15 hours 
was insured during the fall and winter by 
incandescent lamps to extend the growing 
season. When the seedlings were har- 
vested, full-grown needles from the ter- 
minal were collected separately from the 
remainder of the needles. The stem and 
root were separated at the sand line. All 
plant parts were immediately dried for sev- 
eral days at 70° C. Heights of the seed- 
lings and dry weights of the plant fractions 
were measured. For an estimate of the 
concentration of nitrogen and phosphorus 
under forest conditions, needle samples of 
loblolly pine were obtained from 16 loca- 
tions and of Virginia pine from 5 locations. 

The concentration of nitrogen and of 
phosphorus was determined in the needles, 
stems, and roots of the plants grown in cul- 
ture, and in the needle samples from the 
Ihe semi-micro Kjeldhal 
technique was used for determinations of 
total nitrogen. The molybdate-vanadate 


forested areas. 


reagent was used for colorimetric deter- 
mination of phosphorus content. The 
amounts of sodium, potassium, and calcium 
in the needles were determined with the 
flame spectrophotometer. 

With respect to nitrogen, maximum 
growth of the pines occurred in the treat- 
ments with 25 and 100 ppm nitrogen. The 
sufficiency level lies between these two 
concentrations. 
of 1 ppm phosphorus was adequate for 


A substrate concentration 


growth. There is no evidence of a differ- 
ence between loblolly and Virginia pines 
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with respect to their requirements for nitro- 


gen and phosphorus. 

The symptoms of nitrogen deficiency. 
apparent in the treatments with | and 5 
ppm nitrogen, were short, stiff needles of 
yellowish-green color. Early abscission of 
the needles in treatments with none and 
0.1 ppm phosphorus indicated phosphorus 
deficiency. Both loblolly and Virginia pine 
exhibited luxury consumption of nitrogen 
The 


these elements in the foliage increased with 


and phosphorus. concentration of 
the amount supplied in the culture solution. 

In the trees making the best growth, the 
terminal 


nitrogen concentration in the 


needles varied from 1.7 to 2.3 percent. 
The phosphorus concentration of terminal 
needles in the fastest-growing trees, sup- 
plied with 1 ppm phosphorus, was between 
0.14 to 0.16 percent. A nitrogen concen- 
tration of less than 1.2 percent and a phos- 
phorus concentration of less than 0.10 per- 
cent were found in the needles of trees de- 
ficient in these elements. 

The concentration of nitrogen in the 
needles of loblolly pine trees from various 
locations varied from ().87 to 1.52 percent; 
the phosphorus concentration varied from 
0.09 to 0.17 percent. For Virginia pine 
these values were 1.19 to 1.33 percent and 
0.12 to 0.16, respectively. 

Mycorrhizae were found on the roots 
of loblolly and Virginia pines which were 
supplied with insufficient amounts of nitro- 
gen or phosphorus. 

The study points out possible deficiencies 
of nitrogen and phosphorus under forest 
conditions and provides a basis for addi- 
tional studies of the inorganic nutrition of 
pines. 
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